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Abstract 

Students' scientific inquiry competencies (SICs) are not only essential for success in science-related fields 

but also contribute to their overall intellectual and personal development. These competencies prepare 

students to face the challenges of the 21st century, promoting lifelong learning and becoming informed, 

critically thinking citizens. Therefore, it is important to investigate learning factors that are suspected to be 

essential for promoting these competencies. This study aimed to ascertain the mediating effect of learning 

approaches on the relationship between social engagement in experiments and SICs. A cross-sectional 

survey research design was adopted. 337 Laboratory Science and Technology (LST) students from five 

technical institutions in Tanzania were selected to take part in this study. Data were collected by 

administering social engagement and learning approaches survey questionnaires as well as the SICs test, 

and finally subjected to mediation analysis. The results revealed that students’ social engagement during the 

experiment has a significant positive effect on their use of the deep learning approach and not their use of 

the surface learning approach. In addition to that, it was found that students’ social engagement during 

scientific experiments has a significant positive effect on SICs, both in the presence and absence of 

mediators. Also, the results confirmed that students’ use of a deep learning approach has a significant 

positive effect on SICs, while students’ use of a surface learning approach has a significant negative effect 

on SICs. Lastly, the study established that only students’ use of a deep learning approach was a significant 

positive partial mediator of the relationship between students’ social engagement during scientific 

experiments and SICs. In conclusion, students’ social engagement and use of a deep learning approach are 

beneficial learning factors for promoting students’ SICs. Thus, it was recommended that instructors, while 

facilitating students’ execution of laboratory activities, emphasize students’ collaboration and use of a deep 

learning approach for enhancing their SICs. 
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1.0 Introduction 

 

Fostering students’ scientific inquiry competencies (SICs) has become one of science education's 

primary learning outcomes in the world (NRC, 2012). Several scholars have acknowledged that 

SICs, which relate to the ability to conduct a scientific investigation, are different from scientific 

content knowledge, which is related to the understanding of different scientific concepts (NRC, 

2012; Reith & Nehring, 2020; Seeratan et al., 2020). Generally, SICs focus on the procedural 

hands-on scientific problem-solving processes (i.e., knowing how), which is among the principal 

goals of science education (Sarkar et al., 2020; Wulandari & Shofiyah, 2018). Scientific inquiry 

competencies cover abilities related to formulating scientific questions, generating hypotheses, 

planning and designing experiments, analysing and interpreting data and drawing scientific 

conclusions (Arnold et al., 2021; Krell et al., 2020). Therefore, it is among the essential 

competencies to be acquired by students as future scientists so that they can conduct scientific 

investigations by following systematic procedures (Sarkar et al., 2020). Along that line, SICs can 

also enable students to generate innovative scientific practices and actively contribute to economic 

development (Arnold et al., 2021). 

 

Being the primary learning outcome, several studies have suggested that SICs should be given 

similar weight as knowledge of other science concepts in the science curriculum (Mahler et al., 

2021). In that way, it should be taught and assessed at all levels of education (Sarkar et al., 2020; 

Wulandari & Shofiyah, 2018). Taking that line, several countries decided to include SICs in 

standard documents such as education policies, science curricula, and science frameworks as 

learning goals of their own. For example, in the United States of America and Germany (Arnold et 

al., 2021), Switzerland (Mahler et al., 2021), Canada (Khan & Krell, 2019), and Australia (Krell et 

al., 2020). 

  

In line with other countries, Tanzania is now implementing competence-based education at all 

levels of education. This approach utilizes a student-centred approach while emphasizing hands-on 

skills with little knowledge base (Rutayuga, 2014). Supporting the necessity of acquiring hands-on 

skills, in a guideline for assessment in the technical institution in Tanzania, it is stated that in 

science practical, students should be assessed for their proficiency in planning and conducting 

science experiments, gathering and analysing scientific experimental data as well as drawing 

scientific conclusions (NACTE, 2015). Such procedures reflect scientific investigation processes 

(Arnold et al., 2021; Krell et al., 2020), which are also the heart of SICs. Hence, this shows the 

emphasis placed on developing students' SICs. 

 

Despite being an important learning outcome, studies conducted in different countries within 

different grade levels reported that students have limited levels of SICs (e.g., Abate et al., 2020; 

Hilfert-Rüppell et al., 2021; Khan & Krell, 2019). Similarly, in the Tanzanian context, Jamal 

(2017) reported that students scored below average in SICs. In that way, there can be a danger of 

producing science graduates who are incapable of conducting scientific investigations by 

following systematic procedures. Therefore, it is critical to find out different mechanisms for 
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enhancing SICs at different levels. Nehring et al. (2015) and Wu et al. (2018) argued that in order 

to foster students’ SICs, it is important to investigate different students’ learning factors 

considered beneficial for enhancing students’ different learning outcomes. 

 

Some of the factors that have been identified as key in transforming students’ learning outcomes 

are learning approaches (deep and surface) (Almoslamani, 2022; Chirikure et al., 2018) and 

student social engagement (Fredricks et al., 2016; Wang et al., 2016). The deep learning approach 

is characterized by the in-depth processing of information with an emphasis on understanding and 

application, and the surface learning approach, typified by superficial comprehension and rote 

memorization, represent two distinctive learning approaches (Chirikure et al., 2018; Lu et al., 

2021). On the other hand, social engagement represents students’ collaboration or interactions 

while involved in the learning tasks (e.g., laboratory experiments) (Qureshi et al., 2021; Wang et 

al., 2016; Wang & Eccles, 2012). 

 

Literature has extensively examined the direct influence of social engagement on learning 

outcomes such as academic performances and/or academic achievement (Fredricks et al., 2016; 

Qureshi et al., 2021; Wang et al., 2016; Wang & Eccles, 2012). However, understanding the 

interplay between social engagement in experiments and scientific inquiry competencies as one of 

the student science learning outcomes that is distinct but related to science content knowledge is 

equally crucial (Seeratan et al., 2020). Such understanding is important for advancing both 

pedagogical practices and our comprehension of how SICs can be learned in laboratory contexts 

(Qureshi et al., 2021). However, social engagement and learning approaches have scarcely been 

researched, particularly in learning contexts such as laboratories (e.g., Wu & Wu, 2020).  
On the other hand, despite the existence of studies that treated learning approaches (deep and 

surface) as the mediator between learning factors (intrinsic motivation, extrinsic motivation, 

collaboration, and communication) and student learning outcomes such as higher-order thinking 

skills (problem-solving, critical thinking, and creativity) (e.g., Lu et al., 2021), the potential 

mediating effects of the learning approaches on the relationship between social engagement in 

experiments and SICs were often overlooked and remain largely unexplored. This motivated the 

current study to fill such a gap by investigating the mediating effect of students’ use of deep and 

surface learning approaches on the relationship between social engagement and SICs technical 

institutions in Tanzania. 

 

1.1 Problem statement 

 

Fostering students’ SICs has become one of science education's primary learning outcomes in the 

world, particularly for preparing students to face and solve science challenges of the 21st century, 

promoting lifelong learning and an informed, critically thinking citizen. However, studies 

conducted in different countries within different grade levels reported that students have limited 

levels of SICs. Therefore, it is important to investigate different students’ learning factors 

considered beneficial for enhancing students’ different learning outcomes. Literature shows that 

student learning approaches (deep and surface) and social engagement are key learning factors for 
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transforming students’ learning outcomes. However, these learning factors have scarcely been 

researched, particularly the extent to which they predict students’ SICs as learning outcomes and 

in learning contexts such as laboratories. On the other hand, despite the existence of studies that 

treated learning approaches (deep and surface) as the mediator between learning factors and 

student learning outcomes such as academic performances and/or academic achievement, the 

potential mediating effects of the learning approaches on the relationship between social 

engagement in experiments and SICs were often overlooked and remain largely unexplored. Thus, 

this paper aims to bridge such a gap. 

 

1.2 Objectives of the study 

 

The study aimed: 

i. To assess the total effect of student social engagement in scientific experiments on SICs 

and learning approaches while controlling for the effects of covariates. 

ii. To assess the direct effect of student social engagement in scientific experiments on surface 

and deep learning approaches while controlling for the effects of covariates. 

iii. To examine the effect of students’ use of deep and surface learning approach during 

scientific experiments on SICs while controlling for the effects of covariates. 

iv. To ascertain whether students’ use of deep and surface learning approaches during 

scientific experiments can mediate the relationship between social engagement and SICs 

while controlling for the effects of covariates. 

 

1.3 Hypotheses 

 

Four hypotheses were formulated and tested to provide evidence for achieving the above stated 

objectives. These hypotheses were: 

 H1: Student social engagement in scientific experiments has no significant total effect on 

                  SICs and learning approaches (deep and surface) while controlling for the effects 

                  of covariates. 

 

 H2: Student social engagement in scientific experiments has no significant direct 

                  effect on deep and surface learning approaches while controlling for the effects of  

                  covariates. 

 

 H3: Students’ use of the deep and surface learning approach during scientific 

       experiments have no significant effect on SICs while controlling for the effects of 

       covariates. 

 

 H4: Students’ use of deep and surface learning approach during scientific experiments are 

                  not significant mediator of the relationship between social engagement and SICs 

                  while controlling for the effects of covariates. 
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2.0 Literature Review 

 

Different scholars have offered different versions of the SICs framework (e.g., Fischer et al., 2014; 

Kambeyo, 2018; NRC, 2012; Opitz, 2016). The most recent one was offered by Krell et al. (2020), 

which has two major SICs: conducting scientific investigations (formulating questions, generating 

hypotheses, planning investigations, analysing data, and drawing conclusions) and using scientific 

models (judging the purpose of models, testing models, and changing models). The SICs relating 

to conducting scientific investigations match with  what has been emphasised in the guidelines for 

assessment in the technical institutions in Tanzania (NACTE, 2015). Therefore, this study adopted 

the conducting scientific investigations SICs framework by Krell et al. (2020). 

 

Learning approaches are defined as procedures, styles, techniques, or efforts directed toward 

learning (Chirikure et al., 2018). These procedures do shape how students manage and organize 

their learning (Herrmann et al., 2017). While others classify learning approaches into two: deep 

and surface (Ellis & Bliuc, 2015; Lu et al., 2021), others make them into three: deep, strategic, and 

surface (Chirikure et al., 2018; Marton & Säljö, 1976). Several studies used two classifications 

with the justification that they stand as opposing concepts with clear bounds between them, unlike 

the three classifications (Lu et al., 2021). The deep learning approach is simply meaningful 

learning that involves critical thinking aimed at developing a solid understanding of what is 

learned (Chirikure et al., 2018; Das, 2021), whereas the surface learning approach is associated 

with learning aimed at completing the given task without paying more attention to gaining a 

comprehensive understanding but only a shallow one (Chirikure et al., 2018; Lu et al., 2021). This 

study adopted two classifications: deep and surface learning approaches. 

 

2.1 Theoretical framework 

  

This paper is anchored to the social constructivism learning theory, which assumes that knowledge 

is actively constructed by the social interactions  between students themselves as well as with 

instructors (Pritchard & Woollard, 2010). According to Pritchard and Woollard (2010), in social 

constructivism theory, instructors must encourage interactions. Several scholars provided evidence 

for the necessity of encouraging interactions in learning within different learning contexts, such as 

classrooms and laboratories (Lu et al., 2021; Qureshi et al., 2021; Wu & Wu, 2020). In science 

laboratories, providing students with mutual and unique chances to participate collaboratively in 

an inquiry can help them refine their understandings of such inquiry based on constructive 

feedback from their peers (Hofstein & Lunetta, 2004). In addition, mutual and constructive 

collaboration between students is beneficial for generating pleasant social relationships and a 

healthy learning environment (Lu et al., 2021). 

 

Therefore, students’ social engagement can trigger them to use the deep learning approach, which 

is associated with a better understanding of what they learn (Chirikure et al., 2018; Das, 2021; Lu 

et al., 2021), as well as “master complex learning contents and difficult skills” such as SICs (Yang 

et al., 2021, p. 2027). Contrary to this, if a student is less or not engaged socially in learning 
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processes, they can offer less or no participation in the learning process and hence gain a surface 

understanding of what is learned (Das, 2021; Lu et al., 2021) and probably acquire less SICs. 

Thus, in this study, students’ social engagement is treated as an independent variable, while SICs, 

as one of the science learning outcomes, exist as dependent variables. Learning approaches (i.e., 

deep and surface) remain as mediating variables of the relationship between social engagement 

and SICs as presented in the conceptual framework in Figure 1 below under the condition of 

controlling for gender and age as covariates. 

 

 

 
Figure 1: The interrelationship between students’ social engagement, learning approaches and scientific 

inquiry competencies 

 

 

2.2The Effects of Students’ Social Engagement on Scientific Inquiry Competencies 

 

Empirical studies about the effects of students’ social engagement on their learning outcomes exist 

and have provided mixed results. For example, Wu and Wu (2020) showed that social engagement 

is not a direct significant predictor of students' SICs unless mediated by cognitive engagement. 

Similarly, Qureshi et al. (2021) offered evidence that active collaborative learning mediated by 

students’ engagement significantly predicted better students’ learning performances. Contrary to 

Wu and Wu (2020) and Qureshi et al. (2021), Bicak et al. (2021) showed that pre-service 

chemistry teachers excelled more in hypothesis generation and experiment planning when they 

worked in pairs, unlike working independently. Despite these mixed results, Wu and Wu (2020) 

acknowledged that peer interactions among students during instruction could improve their use of 

cognitive techniques and boost intellectual investment. Therefore, it was reasonable to argue that 

social engagement while conducting scientific experiments can improve their SICs. However, this 

is not known in technical institutions in Tanzania. 

 

2.5 The effects of student’s social engagement on deep and surface learning approaches 

 

Treating engagement as a single construct, Floyd et al. (2009) established that student-perceived 

engagement in the learning process is significantly and positively related to the deep learning 

approach (r =.386, p<.001). Also, it is insignificantly negatively related to the surface learning 
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approach (r = -.074). Similarly, van der Ross et al. (2022) found that overall student engagement 

measured as a single factor comprised of emotional, physical, and cognitive engagement had a 

significant positive relationship with the deep-learning approach, not with the surface-learning 

approach. While engagement is considered a multidimensional construct, Floyd et al. (2009) and 

van der Ross et al. (2022) considered engagement as a single factor. Thus, investigating the effect 

of individual engagement construct (i.e., social) on deep and surface learning approaches is also 

necessary for bringing out clarity. Since Wu and Wu (2020) pointed out that students’ interactions 

with peers during learning could increase their intellectual investment thus, such an impact can 

also be beneficial for enhancing SICs. Thus, part of this study aims to fill such a research gap. 

 

2.6 The effects of student’s deep and surface learning approaches on scientific inquiry 

competencies 

 

Studies focused on examining the influence of learning approaches (deep and surface) on student 

performances and achievement in different countries and education levels exist. For example, van 

der Ross et al. (2022) in South Africa, Almoslamani (2022) in Saudi Arabia, and Herrmann et al. 

(2017) in Denmark. We further noted that most of the studies focused on establishing the effect of 

learning approaches on students’ performances and achievements as learning outcomes. Few 

studies considered learning outcomes such as 21st-century skills. For example, Phan (2011) 

established that the deep learning approach is a significant predictor of critical thinking skills in 

undergraduate students in Australia. Extending on this, Lu et al. (2021) established that, in contrast 

to the surface, the deep learning approach was a significant and positive predictor of higher-order 

thinking skills measured as a total score of problem-solving, critical thinking, and creativity for 

university students in China. However, we still don’t know the direct effects of students’ learning 

approaches (deep and surface) on SICs in the Tanzanian and laboratory contexts. 

 

2.7 The mediating effect of student’s learning approaches between social engagement and 

scientific inquiry competencies 

 

Empirical evidence showed that learning approaches are influenced by student engagement (Floyd 

et al., 2009; van der Ross et al., 2022) and can influence students learning outcomes such as 

problem-solving, critical thinking, and creativity (Lu et al., 2021; Phan, 2011), academic 

performances (Almoslamani, 2022; van der Ross et al., 2022), as well as achievements (Herrmann 

et al., 2017). In addition to that, Lu et al. (2021) established that, in contrast to the surface learning 

approach, the deep learning approach was a significant mediator of the association between 

learning variables (intrinsic motivation, extrinsic motivation, collaboration, and communication) 

and higher-order thinking abilities treated as a summated scale of problem-solving, critical 

thinking, and creativity. However, there is a paucity of evidence on whether learning approaches 

can mediate the association between social engagement and SICs. Based on the hypotheses 

formulated, the hypothesized models were as presented in figures 2 and 3. 
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Figure 2: The total effect of students’ social engagement on SICs 

Source: (Hayes, 2022, p. 162) 

 

  

Figure 3: Hypothesized mediation model for students’ social engagement, learning approaches, 

and SICs 

Source: (Hayes, 2022, p. 162) 

 

Methodology 

 

3.1 Research design and sampling procedures 

 

This study adopted a cross-sectional survey design. A proportionate stratified sampling technique 

was used to draw 370 (second- and third year students from five technical institutions in Tanzania 

(Martínez-Mesa et al., 2016). After screening the data, only 337 students remained and were used 

in subsequent analysis.  

 

3.2 Data collection instruments 

 

Data were collected through the use of a (7 items) in a five-scale (1-never) to (5-always) student 

social engagement survey questionnaire adapted from Fredricks et al. (2016) and Wang et al. 

(2016). Also, a (10 instead of 09 items) (05 items for each deep and surface) in a five-scale (1-

strongly disagree) to (05-strongly agree) learning approaches survey questionnaire adapted from 

Ellis and Bliuc (2015) was adopted. One item was added to the surface learning approach scale. 

All the items for the survey questionnaires were modified to reflect laboratory scientific 

experiments as the learning context of this study. Also, a SICs test adapted from Kambeyo (2018) 

was used to assess the student level of SICs. From a pool of 36 tasks and 100 items originally 

constructed, only 23 tasks and 60 items (12 items per competence, i.e., formulating questions, 
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generating hypotheses, planning investigations, analysing data, and drawing conclusions) were 

selected. The test tasks and items selected covered three science subjects (biology, chemistry and 

physics). 

 

3.3 Instruments validation procedures 

 

Three supervisors reviewed the two survey questionnaires for content and construct validity. Also, 

four experienced science experts from two technical institutions evaluated the SICs test tasks and 

items relevant to the LST curriculum content and its clarity. Most of the survey questionnaire 

items were found to measure the intended construct, except for a few that were revised based on 

suggestions given. For the SICs test, the estimated content validity index (CVI) for relevance and 

clarity was calculated and found to be .91 and .90, respectively, which were greater than 0.7. 

Therefore, this proves the content validity and clarity of the SICs test (Grant & Davis, 1997). After 

a pilot study, the estimated internal consistency reliability for social engagement, deep and surface 

learning approaches was (  = .86, .72, and .74), respectively, which were greater than .70 as 

sufficient value (Cronbach & Meehl, 1955). For the SICs test, each correct and incorrect response 

was awarded one (1) and zero (0) marks, respectively. Five items were deleted to improve the 

reliability, and the overall estimated value for the SICs test with 55 items was (  = .69 

approximated to .70 as an acceptable value (Cronbach & Meehl, 1955). 

 

To further ensure the quality of the SICs test, psychometric properties recommended by Aryadoust 

et al. (2021) were assessed by running the dichotomous Rasch model in Jamovi software version 

4.8.8. Thus, the estimated person reliability was .677, approximately .70, as an acceptable value, 

which implies that around 70% of the precision the test has managed to estimate and distinguish 

students according to their ability (Boone et al., 2014). The items demonstrated a respectable 

degree of local independence with Q3 coefficients of < |.30| (Yen, 1984). The infit and outfit 

statistic values for each item ranged from 0.5 to 1.5 logits, which were acceptable (Linacre, 2002), 

implying that items functioned pretty fine and were free from confounded issues of the data 

(Aryadoust et al., 2021). The Wright item-person map showed a fairly good distribution of the test 

items, hence being ideal for the intended population (Aryadoust et al., 2021). Finally, the actual 

data collection process took place. 

 

3.4 Data collection 

 

In each of the technical institutions visited, students were gathered in one room. Both data 

collection instruments were administered on the same day to prevent data loss. The survey and 

SICs test required a maximum of about 90 minutes to complete. To ensure accurate responses, the 

student engagement survey and learning approaches questionnaire were administered first. 

Students were given the option to fill out the surveys either in printed form or online via Google 

Docs. To facilitate easy access to the online survey, the researcher provided an internet router to 

supply internet connectivity to students during survey administrations. The SICs test papers and 

printed survey responses were collected at the end of the designated time period. 
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3.5 Data analysis 

 

Before actual data analysis, exploratory factor analysis (EFA) for the survey questionnaires was 

performed using oblique rotation and the PROMAX approach in order to produce clear and 

plausible factors that represent the clustering of items more accurately (Hair et al., 2019). After 

EFA, three factors were extracted, as seen in Table 1 below. However, in the social engagement 

survey, three items were excluded since they were cross-loading. Then after, the underlying 

statistical assumptions for mediation analysis were checked, data were analysed by mediation 

analysis in the PROCESS macro software (Hayes, 2022). 

 
Table 1: Reliability coefficient for the variables of the study 

Students’ engagement  

Variable Cronbach's Alpha Number of items after elimination 

Social Engagement .84 04 

Deep Learning Approach .65 05 

Surface Learning Approach .72 05 

Source: Survey data (2023) 

 

3.6 Ethical issues of the study 

 

The ethical approval for this study was obtained from the Tanzania Commission for Science and 

Technology (COSTECH) through the National Research Clearance Committee (NRCC) with 

permit No. 2023-01-NA-2022-466. Therefore, the study was conducted under the terms and 

conditions of the National Research Registration and Clearance Guidelines of 2022. In addition to 

that, written permission for meetings with students was requested from the head of each technical 

institution involved in this study. All participants were provided with written informed consent 

prior to their participation and were informed of the purpose of the study, the procedures involved, 

the potential risks and benefits, and their right to withdraw at any time without penalty. Lastly, 

confidentiality was maintained throughout the study. 

 

4.0 Results and Discussion 

 

4.1 Participants demographic information 

 

As presented in Table 2, the majority of participants were female, 177 (52.5%), as compared to 

males, 160 (47.5%). Almost three-quarters of the students, 250 (74.2%), were aged between 21 

and 25 years old, followed by 69 (20.5%) who were aged between 15 and 20 years old. Very few 

students 13 (3.9%) and 5 (1.5%) were aged between 26 and 30 as well as 31 and 35 years old. 

Lastly, the majority of participants, 233 (69.1%), were drawn from government-owned technical 

institutions as compared to 104 (30.9%) from private-owned technical institutions. 

 
Table 2: Participants’ demographic information 
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S/N Characteristic Category Number of respondents Percent 

1 Gender (Sex) Male 160 47.5 

  Female 177 52.5 

  Total 337 100 

2 Age 15-20 69 20.5 

  21-25 250 74.2 

  26-30 13 3.9 

  31-35 5 1.5 

  36-40 0 0 

  Total 337 100 

3 Nature of institution Private 104 30.9 

  Government 233 69.1 

  Total 337 100 

Source: Survey data (2023) 

 

4.2 Mean and correlations between variables 

 

As shown in Table 3, the mean for social engagement (M = 4.35, SD = .68) was higher, followed 

by deep (M = 4.12, SD = .68) and surface (M = 3.28, SD = .92) learning approaches. This shows 

that LST students preferred to use deep rather than surface learning approaches while performing 

scientific experiments. Lastly, the mean for SICs was (M = 34.79, SD = 5.24). The social 

engagement was positively and negatively significantly related to the deep and surface learning 

approaches, respectively. In addition to that, social engagement was positively related to SICs as 

well as insignificantly related to the surface learning approach. The SICs were positively and 

significantly related to students’ use of the deep learning approach. 

 
Table 3: Means and correlations between variables 

 Gender NOI Age SE DLA SLA SIC Mean SD 

Gender 1         

NOI -.082 1        

Age -.188** .070 1       

SE -.046 -.084 -.048 1    4.35 .68 

DLA -.103 -.120* .075 .190** 1   4.12 .68 

SLA .041 -.214** .066 .054 .005 1  3.28 .92 

SICs -.169** .166** -.091 .243** .274** -.272** 1 34.79 5.24 

Notes: SE = Social Engagement, DLA = Deep Learning Approach, SLA = Surface Learning Approach, SIC = 

Scientific Inquiry Competencies, NOI = Nature of Institution, *p < .05, **p < .01. 

Source: Survey data (2023) 

 

4.3 The total effects of students’ social engagement on scientific inquiry competencies 

 

To understand the total effect of students’ social engagement during scientific experiments on their 

SICs, a hypothesis (H1) was formulated while controlling the effects of covariates (gender, nature 

of the institutions and age). Results in Table 4 indicated that students’ social engagement (b = 
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1.61, t = 4.55, p <.001), controlling for covariates, was a significant predictor of students’ SICs. 

The results reject the hypothesis (H1). These results suggest that students’ collaboration and 

interactions while conducting laboratory scientific experiments can positively enhance their SICs. 

 

4.4 The Effects of Student’s Social Engagement on Deep and Surface Learning Approach 

 

To assess the effect of students’ social engagement in the scientific experiments on students' use of 

either deep or surface learning approaches, a hypothesis (H2) was formulated while controlling for 

the effects of covariates (gender, nature of the institutions and age). Results in Table 4 indicated 

that students’ social engagement in scientific experiments was a significant positive predictor of 

the deep learning approach (b = .159, t = 3.36, p <.001) and an insignificant negative predictor of 

the surface learning approach (b = .048, t = .066, p = .466). These results partially reject the 

hypothesis (H2). In a nutshell, these results imply that students’ collaborative learning while 

conducting laboratory scientific experiments can enhance students’ use of the deep learning 

approach and not students’ use of the surface learning approach. 

 
Table 4: The direct and total effect of student social engagement on SICs 

 

  
 

   
95% Confidence 

Interval 

Hypothesis Path b SE t p Lower Upper 

H1 Total effect of SE on SICs 1.605 .353 4.55 <.000 .911 2.30 

H2 Effect of SE on DLA .159 .047 3.36 <.001 .066 .251 

H2 Effect of SE on SLA .048 .066 .729 .466 -.082 .179 

H3 Effect of DLA on SICs 1.95 .383 5.07 <.000 1.19 2.70 

H3 Effect of SLA on SICs -1.32 .273 -4.84 <.000 -1.86 -.783 

Source: Survey data (2023) 

 

4.5 The effects of student’s learning approaches on scientific inquiry competencies 

 

To examine the effect of students’ use of deep or surface learning approaches during scientific 

experiments on SICs, a hypothesis (H3) was formulated while controlling for the effects of 

covariates (gender, nature of the institutions and age). Results in Table 4 show that students’ use of 

deep learning approach was a significant positive predictor of SICs (b = 1.95, t = 5.07, p<.001), 

while students’ use of surface learning approach was a significant negative predictor of SICs (b = -

1.32, t = -4.84, p<.001). These results fully reject the hypothesis (H3). This implies that students’ 

use of the deep learning approach promotes their SICs level, while students’ use of the surface 

learning approach while conducting scientific experiments inhibits students’ promotion of SICs. 
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4.6 The mediating effect of students’ learning approaches between social engagement and 

scientific inquiry competencies 

 

To ascertain the mediating effect of students’ use of deep and surface learning approaches on the 

relationship between social engagement and SICs, hypothesis (H4) was formulated while 

controlling the effects of covariates (gender, nature of the institutions and age). The indirect effects 

were tested using a percentile bootstrap estimation approach with 5000 samples and a 95% CI 

(Hayes, 2022). The results were as presented in Table 5 below. 

 
Table 5: Mediation Estimates 

 

 

 

 

 

  

95% Boot 

Confidence 

Interval 

 

Effect Path b  
Boot 

SE 
t p Lower Upper 

% of 

effect 

Indirect effect via DLA SE→DLA→SICs .308 .118   .105 .565 19.19 

Indirect effect via SLA SE→SLA→SICs -.064 .081   -.242 .074 3.99 

Direct effect (C’) SE →SICs 1.360 .335 4.06 .000 .701 2.02 76.82 

Total Effect (C) SE →SICs 1.605 .353 4.55 .000 .911 2.30 100.00 

Notes: SE = Social Engagement, DLA = Deep Learning Approach, SLA = Surface Learning Approach, SICs = 

Scientific Inquiry Competencies. 

Source: Survey data (2023) 

 

The mediation estimates in Table 4 indicated that the direct effect (b = 1.360, CI [.701, 2.02], 

p<.001) of the model was found to be statistically significant. However, the indirect effect of the 

model was found to be statistically significant through the deep learning approach (b = .308, Boot 

CI [.105, .565]), as indicated by the lower and upper limits of the bootstrap confidence intervals, 

which did not contain a zero in between (Field, 2013). On the other hand, the indirect effect of the 

model was found to be not statistically significant through the surface learning approach (b = -

.064, Boot CI [-.242, .074]), as indicated by the lower and upper limits of the bootstrap confidence 

intervals, which contain a zero in between (Field, 2013). This implied that only students’ use of 

the deep learning approach partially mediated the relationship between students’ social 

engagement during scientific experiments and SICs. Hence, these results partially reject the 

hypothesis (H4). 

 

The results also revealed that approximately 19.19% of the total effect of students’ social 

engagement during scientific experiments on SICs was mediated by the students’ use of deep 

learning approach. On the other hand, 3.99% of the total effect of students’ social engagement 

during scientific experiments on SICs was mediated by the students’ use of surface learning 

approach which was small and not significant. The remaining 76.82% is a direct effect of students’ 

social engagement during scientific experiments on SICs was not explained by the mediating 

variable (i.e., deep learning approach). The significant models were presented in Figures 4 and 5. 
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Figure 4: The total effect of students’ social engagement on SICs 

Source: Survey data (2023) 

 

 

 

 

  
 

Figure 5: The significant mediation model of the study 

Source: Survey data (2023) 

 

4.7 Discussion  

 

The result supports the hypothesis that students’ social engagement during scientific experiments 

has a significant total positive effect on SICs. The results echo those of Bicak et al. (2021), who 

reported that pre-service chemistry teachers performed well in the ability to generate hypotheses 

and plan experiments when allowed to work in pairs rather than individually. However, these 

results are not consistent with the results by Wu and Wu (2020), which reported that social 

engagement in the laboratory does not have a direct effect on SICs unless mediated by cognitive 

engagement. One of the reasons for the difference in results might be the use of different SICs 

frameworks. Wu and Wu (2020) considered asking scientific questions, planning experiments, 

analysing data, and formulating scientific explanations as the only SICs, while in this study, 

formulating questions, generating hypotheses, planning investigations, analysing data, and 

drawing conclusions as SICs were considered. These results provide useful implications for 

instructors, especially alerting them to the necessity of promoting student collaborations and 

interactions while conducting laboratory scientific experiments to positively enhance their SICs. 

 

Second, our results showed that students’ social engagement in scientific experiments has a 

significant positive effect on students’ use of deep learning approaches and an insignificant 

negative effect on students’ use of surface learning approaches. These findings are similar to those 
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of Floyd et al. (2009) and van der Ross et al. (2022), who established that general student 

engagement is a significant positive factor for promoting students' use of deep learning 

approaches. Overall, these results extend the knowledge, particularly by pointing out the unique 

positive effect of social engagement on the deep learning approach, contrary to the general 

engagement established in previous studies (Floyd et al., 2009; van der Ross et al., 2022). This 

suggests that students’ collaboration or interaction while performing scientific experiments may 

positively promote students’ use of a deep learning approach and not a superficial understanding 

of the respective experiment they are performing. Therefore, these results provide useful 

information to instructors, particularly in reminding them to encourage students to work in groups 

to increase their peer interactions while conducting scientific experiments as a means of investing 

more effort in learning. Emphasizing such processes can positively enhance a deep understanding 

of such experiments. 

 

Third, our results revealed that students’ use of the deep learning approach while performing 

scientific experiments has a significant positive effect on SICs. These results are similar to those of 

Lu et al. (2021), who established that the deep learning approach was a significant and positive 

predictor of higher-order thinking skills measured in terms of problem-solving, critical thinking, 

and creativity. They are also similar to those of Phan (2011), who found that the deep learning 

approach was a significant and positive predictor of critical thinking skills. Therefore, this result 

implies that in order to foster students’ SICs, it is important to emphasise students’ use of the deep 

learning approach while executing laboratory experiments. 

 

On the other hand, students’ use of the surface learning approach while performing scientific 

experiments was found not to significantly affect SICs. The results of this study are similar to 

those of Lu et al. (2021), who established that the surface learning approach is not a significant 

predictor of higher-order thinking skills. This result still shows the necessity of instructors 

discouraging students from using the surface learning approach while performing laboratory 

activities. This is because the surface learning approach is associated with the memorization of 

learning tasks, and hence it is easy to forget after some time (Chirikure et al., 2018; Das, 2021). 

 

Fourth, results showed that students’ use of the deep learning approach was a significant positive 

partial mediator of the relationship between social engagement during scientific experiments and 

SICs. This suggests that the effect of students’ social engagement on SICs can be transmitted 

directly as well as via students’ use of the deep learning approach. On the other hand, results 

showed that students’ use of the surface learning approach was not a significant negative mediator 

of the relationship between social engagement during scientific experiments and SICs. These 

results mirror those of Lu et al. (2021), who established that, contrary to the surface learning 

approach, the deep learning approach was a significant positive mediator of the association 

between learning variables (intrinsic motivation, extrinsic motivation, collaboration, and 

communication) and higher order thinking abilities (problem-solving, critical thinking, and 

creativity). Further examination of the mediation model revealed that the effect was mostly 

contributed by the direct effect (b = 1.36), which contributed 76.82% of the variation of SICs, and 
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the remaining 19.19% was contributed by the indirect effect via the deep learning approach (b = 

.308). This result still shows the powerful effect of social engagement during scientific 

experiments in predicting deep learning approaches and finally, such an effect is translated to 

promoting students’ SICs. 

 

While social constructivism theory pays much attention to the role of students’ interactions within 

different learning contexts such as classrooms and laboratories (Pritchard & Woollard, 2010), it is 

important to note that social constructivism theory didn't explicitly focus on the role of the deep 

learning approach as a mediator. Instead, the theory emphasized the direct link between social 

interactions and collaborations during learning and students’ learning outcomes. In that sense, the 

present study contributes to the social constructivism theory particularly by identifying the specific 

role of the deep learning approach as a mediator between social engagement and student learning 

outcomes, particularly SICs. 

 

3.0 Conclusions and Recommendations 

 

Through this study, we established that students’ social engagement during experiments is a 

beneficial learning factor for enhancing students' use of the deep learning approach and not 

students’ use of the surface learning approach. In addition to that, we found that students’ social 

engagement during scientific experiments is an essential learning factor for promoting SICs in the 

presence or absence of the mediators. Also, the results confirmed that students’ use of a deep 

learning approach was a significant positive predictor of SICs, while students’ use of a surface 

learning approach was a significant negative predictor of SICs. Lastly, we established that only 

students’ use of a deep learning approach was a significant positive partial mediator of the 

relationship between students’ social engagement during scientific experiments and SICs. 

 

Thus, it was recommended that while facilitating students’ execution of laboratory activities, 

technical institution instructors should:  

i. Encourage interactive participation during scientific experiments, foster collaborative 

group discussions, teamwork, and shared problem-solving experiences. These engagements 

play a vital role in cultivating both deep learning approaches and improving students' SICs. 

ii. Give preference to teaching methods that underscore the deep learning approach. This 

involves activities that stimulate critical thinking, encourage conceptual understanding, and 

prompt the application of acquired knowledge during experimental exercises. 

iii. Create laboratory experiment tasks that discourage mere memorization and instead promote 

a comprehensive understanding of the scientific principles or theories under investigation. 

iv. Be offered opportunities to attend professional development trainings to enhance their 

skills in facilitating social engagement and promoting deep learning within laboratory 

settings. This includes training in effective pedagogical strategies and cultivating 

collaborative learning environments, which are crucial for establishing positive and 

constructive social dynamics in laboratories. 
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