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ABSTRACT

This study uses a hybrid approach of audience response systems (ARSs; such as Socrative)
and revised Bloom's taxonomy (RBT) to examine how regular descriptive feedback affects
students' metacognitive skills and intrinsic motivation. Through randomized field experiment
(RFE), we divide 966 physics students from 16 colleges into three groups: control, individual,
and cooperative group. The results show that cooperative treatment improves students'
intrinsic motivation (IM) and metacognitive skills (MS). Individual treatment (InT) had no
effect on IM or MS. Furthermore, mediation analysis suggests that IM mediates the CoT and
MS. Based on these findings, we recommend combining descriptive feedback and peer
discussion in physics classes with ARS technology assessment.

Keywords: Peer descriptive feedback (PDF), Audience response systems (ARSs),
Randomized field experiment (RFE), intrinsic motivation, Metacognitive skills, Socrative,
Regular Descriptive feedback (RDF).

. INTRODUCTION Students are encouraged to learn and grow by interacting with their
professors and classmates, when they receive descriptive feedback (DF) from their

professors or peers (Armstrong et al., 2007; Bruff, 2009; Cain & Robinson, 2008). Specifically,
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descriptive feedback (DF) allows students to clear up misconceptions and reveal gray areas
in knowledge and skills. Regardless of the importance of metacognitive skills (MS), students
rarely receive the required DF in traditional classroom environment, because the professor is
unable to provide DF due to overcrowded classrooms, limited availability of resources and
time constraints. Since MS are critical in the learning system (Mayer, 2008; Mayer et al.,
2009; Petto, 2019), because research shows that intrinsic motivation (IM) and MS are strong
predictors of learning and learning outcomes. As a result, professors must be aware of their
students' current level of learning and growing learning needs to provide the DF in a
strategy-focused program within constraints of time, resources, and congested classrooms.
Previous metacognitive-focused literature indicates that answering the higher-order
questions (HOQs) by using audience response systems (e.g., Kahoot, ARS, Socrative, and/or
clickers) is effective and creates opportunities for providing immediate DF that meets the
demands of meaningful learning (Mayhew et al., 2020; Temitayo; 2020). Students while
responding these higher order questions (HOQs), about the learning content being applied,
they receive DF and can use MS, if the content is meaningfully internalized and generally
understood. It promotes to learning in two-ways, firstly, by encouraging students to discuss
course content in the class, secondly, it gives professors insight into the students' thinking
and mastery of content (Williams et al., 2016).

According to Mayhew et al. (2020), Paniagua and Swygert (2016), and Pearson
(2019), metacognitive control and monitoring are achieved by using, this type of questioning
(HOQs) in conjunction with regular descriptive feedback (RDF); assessing how well students
have planned their approach to a learning task, use appropriate skills, and strategies to solve
problems, monitoring one’s own comprehension of text, self-assessing, and self-correcting,
evaluating progress towards the completion of task, and overall performance. As higher-
order questions (HOQs) are presented with course content (e.g., meaningful concepts and
themes) in situations that encourage students, by using more MS, they build up an extensive
toolkit of metacognitive self-control and monitoring activities. What we are seeing here is
consistent with research showing that students who receive regular descriptive feedback
(RDF) are more motivated in the long run (Abrahamson, 2006; Asta et al.,, 2018; Matthew &
Ziemann, 2020; Mayhew et al., 2020; Perera & Hervas-Gomez, 2021) and intrinsic motivation
(IM) to get new MS (Butler, 2018; Petto, 2019; Perera & Hervas-Gomez, 2021; Schell & Butler,
2018).

ARSs technology research has recently focused primarily on the relationship
between formative assessments and their effects (Abdullah, 2018; Abrahamson, 2006; Asta et
al., 2018). Despite the fact that this research sheds light on important issues, there is a dearth
of empirical evidence about why student performance on average improves. We draw the
conclusion from previous research that more empirical evidence is needed to show how
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those students' MS are influenced by regular descriptive feedback (RDF) during formative
assessment, using audience response systems (ARSs) structures (Abrahamson, 2006;
Paniagua & Swygert, 2016; Sajna & Premachandran, 2016). Some previous research shows
that students assess their learning status entirely on the form of available prompts during
formative assessment (Temitayo, 2020; Williams et al., 2016), for example. The impression of
familiarity in authenticating solution strategies and the response rate to a query are
examples of indicative prompts. Well-designed strategy-focused treatments with
metacognitive activities are needed to guide students in identifying indicative prompts. These
activities improve the use of diagnostic prompts that predict future learning, academic
achievement, and overall performance (Asta et al,, 2018; Vallely & Gibson, 2018; Yee et al,,
2020). The most frequently used metacognitive cue during formative assessments with ARSs
systems is regular descriptive feedback (RDF), which includes professor feedback and peer
discussion. RDF, which refers to students overwriting, conformity, tune or restructuring of
his memory, irrespective of whether or not this data is of knowledge domain, cognitive
approaches, or metacognitive information (Asta etal, 2018; Suzan et al., 2020).

1.1. Previous Studies

A few quasi-experimental studies explored how students develop their MS, in the classrooms
that use audience response systems (ARSs; e.g., Socrative). According to Petto (2019), when
students are assessed with formative assessment and audience response systems (ARSs, e.g.,
Socrative) (Barchilon Ben & Ben-Av, 2016), their MS improve. By using ARSs in the
classroom, students receive several opportunities to obtain instant descriptive feedback (DF)
and to test their understanding of the learned material. RDF refers as a medium and is a
predictor of students’ cognition development. ARSs tool use has a high-quality impact on the
teaching-learning process, according to Yee and Ean (2020), who also found that MS and
overall performance improved when ARSs technology use was combined with pedagogical
techniques and RDF. Despite this, the study by Yee and Ean (2020) lacked a control group
and a randomized research approach. Furthermore, this study was conducted at the
university level with a limited number of groups of students. We used a randomized filed
experiment (RFE), in this current study to assess the effects of professor's RDF and peer's
descriptive feedback (PDF) (peers discussion), while using ARSs technology (Socrative) on
students' metacognitive skills (MS) and intrinsic motivation (IM) in college physics education.
Every phase students encouraged to answer conceptual higher order questions (HOQs; e.g.,
combination of the use of Socrative technology and higher-order questions based on the
higher order thinking levels of the Revised Bloom’s Taxonomy), facilitated by the internet
ARSs (www.socrative.com) (Barchilon Ben & Ben-Av, 2016). Students in the cooperative and
individual groups, in this current study, answer the HOQs individually. Students in the
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cooperative group (CoG) communicate their responses with peers before subject learning
and discussion with professor, to assess the impact of professor's RDF with a combination of
PDF and only professor RDF. Individual group (InG) students, on the other hand, do not share
their responses with their peers and instead receive feedback directly from the professor.
And students in the control group (CG) did not receive feedback from either the professor or
their peers, but instead submitted their answers on an individual basis.

In daily teaching-learning routine, students are encouraged to monitor and regulate
their personal learning (metacognitive skills) by receiving regular descriptive feedback (RDF)
from peers and professors, which is the foundation of self-regulated learning. Student
learning and outcomes can be improved as a result of this (Abrahamson, 2006; Asta et al.,
2018; Matthew & Ziemann, 2020; Pearson, 2019; Ward et al., 2017); it alters the students’
intrinsic motivation (IM) and focus of attention at some stage of mastery learning,
contributing to the satisfaction of the students' learning needs of feeling competent learner
(Masania et al.,, 2018; Russell, 2020). According to Mountford-Zimdars et al. (2017) and
Williams et al. (2016), RDF activated through higher order questions (HOQs) encourages
students to experience the mastery of their learning and regulate the teaching-learning
process. HOQs can be used in the classrooms, by applying the different techniques in
multidimensional contexts. Professors can collect responses by asking students to indicate
their response options by raising colored flashcards, applause, displaying small whiteboards,
or raising their hands using simple daily routines or low-cost material (Flavell, 1976; Flavell,
1979; Flavell, 1987; Guarascio et al.,, 2017; Grahame, 2016; Suzan et al, 2020). Despite, these
low-cost material are inexpensive, low-cost material have various drawbacks too. First of all,
calculating the exact number of polling, particularly in large classrooms, is complicated for a
professor in a limited period. In addition, students might feel stress of social compliance
because of a fear of being exposed and may therefore be unable to respond honestly (Abdulla,
2018; Barchilon Ben & Ben-Av, 2016; Brady et al., 2013; Brady et al., 2015).

Intrinsic
Motivation

Metacognitive

Regular
Skills

Descriptive >
Feedback
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Fig. 1. Relational Model.

In a High Tech Assistive Technology (HTAT) setting, the technology (such as; ARSs- audience
response systems) is used for the student response system in which students can enter their
responses in a number of technology options, such as Kahoot (Butler, 2018; Cain & Robinson
(2008), clicker technology (Bale, 2018; Compton & Allen, 2018), or the internet-based gadget
Socrative (Cain & Robinson, 2008; Ruth & Shaista, 2020; Russell, 2020). This ARSs technology
addresses the above limitations directly, fast collection, storage and display of a wide range of
correct and incorrect answers on the front of the class screen, without any specific
attribution. Because the effects are evaluated in a more private manner than feedback given
in a low-cost setting, professor feedback based on technology is more appropriate and less
intimidating to students' self-esteem (Vallely & Gibson, 2018; Wengrowicz et al., 2018). ARSs
technology assessments provide students the opportunity to obtain immediate regular
descriptive feedback (RDF) in a single class-session, multiple times, and in a variety of ways.
Giving feedback is as simple as placing a check mark next to the correct answer as the
professor reads it aloud. Students will only be told if they answered the question correctly;
they will receive no other feedback. This limited amount of feedback, according to Zohar and
Dori (2012), improves the achievement of students in comparison to conditions receiving no
HOQs and no RDF throughout the lecture.

The tracking system gathers all class responses and provides feedback by
displaying polling statistics of students' responses (for example, chart or graph), in front of
the class with a tick mark next to the appropriate response, in a more effective and efficient
way of ARSs technology use. Students can use polling data, to see how well they compare to
their peers' knowledge, when used in this way. If their answers are incorrect, it helps
students to realize they are not the only ones who struggle with the educational material,
which boosts self-confidence and reduces the belief that they are incapable of understanding
the educational material (Draper & Brown, 2004; Flavell, 1976; Flavell, 1979; Flavell, 1987;
Hake, 1998). The graphic description of the students’ responses provides professors with
feedback so that they can explain the right answer and advise students about typical errors.
Abdullah (2018), Astrid et al. (2020), and Hunsu et al. (2016) all concluded that displaying a
variety of options and obtaining professor RDF, than just giving the right answer, has a
significant impact on student learning and increases the impact of class-formative
assessments and exams. Nevertheless, Bowen (2012) and Deslauriers et al. (2019), research
asserted that professor RDF alone may be insufficient for the students. Students may find
insight of content-focused terms problematic, and as a result, they indulge in difficulties
when attempting to utilize that in their learning procedure. A more comprehensive approach
to teaching RDF can make professor feedback more understandable for students when
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combined with peer descriptive feedback (PDF) (peer discussions). Peer discussions are
descriptive by nature and are part of a cooperative learning strategy that evaluates learner's
educational-content knowledge, in a more user-friendly language than just professor RDF or
ICT alone (David et al., 2015; Heaslip et al., 2014; Howell et al,, 2017; Veenman & Elshout,
1995; Zimmerman, 2000). Rather than using content-focused terminology, students with
similar backgrounds can explain problems and provide answers in different ways than a
professor (Coleman, 1998; Pearson, 2019; Reay et al., 2008; Ruth & Shaista, 2020; Suzan et
al, 2020). When students interact with their co-learners, they can use their reasoning to
arrive at an answer by explaining and supporting it (Preszler, 2009; Temitayo, 2020, Ward et
al,, 2017; Williams et al., 2016; Zimmerman, 2000).

As a common strategy and popular way to facilitate PDF, peer discussion involves
having students first answer HOQs on their own, then discussing the reasoning behind their
answers with their classmates, and finally answering the question once more before the final
answer is shown and explained (Alexander, 2017; Astrid van et al., 2020; Badia et al., 2016;
Paniagua & Swygert, 2016; Russell, 2020). This style of reasoning encourages students to
recall, integrate, assimilate, regulate, and accommodate their existing learning with new
learning. Armstrong et al. (2020), Deslauriers et al. (2019), Valiente et al. (2016), and Asta
Haukas et al. (2018), demonstrated that HOQs, is supported by PDF broaden metacognitive
skills (MS) for determining knowledge, affected metacognitive monitoring too. RDF, for
example, provided by professors or co-learners, on learner’s understanding of content-
focused material can spark intrinsic motivation (IM) (See Fig.1). Particularly, when RDF
allows students to evaluate their learning outcomes and learning activities, it stimulates
students to narrow the gap between what is learnt and what is aimed to be taught (Collins,
2007; Cronbach, 1951; Hung, 2016). Active learning and RDF through formative assessment
(FA) with ARSs technology provide scaffolding for the development of students' IM, according
to Baker et al. (2017) and Barchilon and Ben (2016).

Because of the ARSs technology, student-to-student and professor-to-student
discussions become more proactive and focused, allowing professors to create dynamic and
enjoyable lesson plans. ARSs technology offers students anonymity by keeping their answers
private and not revealing them to their peers or professors right away. This is an appealing
feature for students. It minimizes students' fear of failure (Astrid van et al., 2020; Collins,
2007; Crouch & Mazur, 2001; Hunsu et al., 2016), and increases students' active participation
and involvement in the teaching-learning process (Brydges & Butler, 2012; Butler, 2018;
Cameron & Bizo, 2019; Burton, 1991; Collins, 2007; Cronbach, 1951; Crouch & Mazur, 2001).
More specifically, this anonymity may also encourage insecure and passive students to
participate actively too, by electronically responding to HOQs and allowing them more time
to process information, contributing energetically to class discussions (Chen et al., 2010;
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Chou, 2017; De Corte et al., 2004; Dembo & Seli, 2007; Melanie & Christopher, 2018). Hence, a
secure and safe learning atmosphere boosts the students' IM (Cubric & Jefferies, 2015). FA
with ARSs technology use, for example, can only increase students' increased metacognitive
awareness when interactive metacognitive activities such as these provide immediate RDF,
inspire monitoring and increase students' IM (Chou, 2017; Hung, 2016; Crouch & Mazur,
2001; Masania et al., 2018; Mayhew et al., 2020).

Based on the previous findings, quizzing with ARSs technology with immediate RDF
can boost the students' metacognitive skills (MS) and IM. Nevertheless, further empirical
investigation is needed to determine: (i) the extent to which a cooperative (peer) treatment
(CoT) and individual treatment (InT) improves MS and IM; and (ii) whether these strategies
for RDF benefit some students more than others. Empirical evidence is available that there is
a positive significant relationship between professors RDF or PDF and development of MS
and IM at one side, and professor RDF or PDF and gender on the other side (Chi et al., 1994;
Karpicke, 2012; Knight & Wood, 2005; Vallely & Gibson, 2018; Yee et al., 2020). Johns et al.
(2012) asserted students who lack IM and have low MS benefit the most from co-learner
discussions during FA when using ARSs technology. According to Chng and Gurvitch (2018),
HOQs develop low-metacognitive aware students to the same extent as their more inspired
and self-aware peers. However, the magnitude of the effect was lower in learners with high
MS, indicating that the HOQs used required fewer problem-solving skills. Concerning gender
and feedback, Chou (2017), Collins (2008), Pink (2009), and Little (2016) agreed that use of
academic activities with ARSs technology no longer discriminate against gender and that it
may be less complex for participation of any gender. Previous studies (Crossgrove & Curran,
2008; Crowe et al., 2008; Cotton, 2005; Mazur, 1997; Schell & Butler, 2018; Temitayo, 2020;
Vallely & Gibson, 2018; Veenman & Elshout, 1995; Ward et al,, 2017; Yee et al., 2020) found
that interactive learning strategies benefit both boys and girls, but that they approach
learning in different ways (Coleman, 1998; Matthew & Ziemann, 2020; Mayhew et al., 2020;
Mayer, 2008; Mayer et al., 2009; Zimmerman, 2000). Boys are more competitive and less
focused on RDF, whereas girls prefer learning while they may express themselves through
peer interactions (Collins, 2008; Eva & Regehr, 2011; Forest, 2012; Mazur, 1997; Preszler,
2009; Zohar & Dori, 2012). The studies conducted by Masania et al. (2018), Collins (2008),
and Chou (2017) found that while boys do better with MS in an individualized learning
environment, girls do better when they use ARSs technology in a collaborative learning
setting.

1.2. Conceptual framework
Based on the literature concerning IM, descriptive feedback (DF) during audience response
systems (ARSs) technology use, and MS, in this paper's empirical section, we have developed
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a conceptual framework for evaluating the critical construct RDF, meanwhile, RDF may have
an immediate impact on MS. Hence, RDF may have an indirect effect on MS through their
influences on IM (Fig. 1). According to some metacognitive researchers, for example
Guarascio et al. (2017) Heaslip et al. (2014) metacognitive skill (MS) is the ability to control
one's cognitive processes and is highly correlated to mastery learning and outcomes (Howell
et al,, 2017; Little, 2016). It includes skills that allow students to consider, comprehend, and
monitor their learning, it relates to higher-order thinking (Deslauriers et al., 2019). Learners
with higher MS are better able to regulate and monitor their cognitive processes in a way that
maximizes mastery learning and to succeed in achieving the learning goals (Cameron & Bizo,
2019; Herreid, 2010; Mshayisa, 2020; Pink, 2009). These learners define their learning goals,
control, and monitor and regulate their behaviors, IM and MS in order to achieve these goals,
self-directed learning (metacognition) which is a key construct in this study [30]. It has long
been believed that IM helps students learn by keeping them interested in the task at hand.
This results in the development of MS and mastery learning, as well as improved
performance and results (Chng & Gurvitch, 2018; Mayhew et al., 2020; Vickrey et al., 2015). It
also produces and regulates the ability to concentrate on a learning task and finish it, which is
IM [88]. Lack of focus indicates that the intrinsic motivation to work on a learning task is
lacking, and extrinsic motivation (EM), or the motivation to work on a task as a means to an
end, is required to keep the focus on the learning task. A lack of focus indicates a lack of
intrinsic motivation to work on a learning task (Chng & Gurvitch, 2018; Howell et al., 2017;
Krause et al., 2017). This can happen if the learner's feedback shows a lack of ability, which
hampers the motivation and following preference to carry out the learning task. While
performing duties, intrinsic and extrinsic motivation are intertwined (Mayhew et al., 2020),
in this current study we focus only on the intrinsic motivation (IM).

2. CURRENT STUDY

Our contribution to the literature is organized as follows: firstly, as far as our knowledge is
concerned, the current study is one of the first empirical studies that investigate the impacts
of professor regular descriptive feedback (RDF), employing ARSs technology (Socrative) on
metacognitive skills (MS) and intrinsic motivation (IM), whether or not paired with peer
descriptive feedback (PDF). With sufficient statistical rigor, we accomplish this by carrying
out a randomized field experiment (RFE). Previous research has been quasi-experimental in
nature, with pre-test and post-test designs but no control group (Barchilon Ben & Ben-Av,
2016; Cain & Robinson, 2008; Moh. Irma et al., 2021; Mountford-Zimdars et al., 2017; Vallely
& Gibson, 2018; Yee et al, 2020). Secondly, we investigate the impacts in colleges, while
previous research has concentrated on the higher education in the context of university.
Moreover, research in this area, particularly in college education, is deemed critical, given
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that ARSs generation usage in college education is quickly increasing (Masania et al., 2018).
Thirdly, we examine the effects of distinctive types of descriptive feedback (DF), on two
treatment groups including a control group (CG), allowing us to assess differences in intrinsic
motivation (IM) and metacognitive skills (MS). Furthermore, we can demonstrate various
effects and varied impacts on heterogeneous populations using formative assessment (FA).
For example, we can estimate effects and impacts for girls and boys individually, as well as
across pre-treatment stages of the students' MS. We, fourthly, combine the ARSs technology
(Socrative) with the revised Bloom’s Taxonomy for generative higher order questions (HOQs,
e.g., combination of the use of Socrative technology and higher-order questions based on the
higher order thinking levels of the Revised Bloom’s Taxonomy) and their implementation for
formative assessment (FA), to investigate the effects of these questions on students’ MS and
IM. Finally, as we analyze each level of intrinsic motivation (IM) and MS, we can determine
the mediating influence of IM on students' MS.

The implications of DF strategies (e.g., RDF--professor regular descriptive feedback
and/or PDF--peer descriptive feedback) are analyzed for intermediate outcome intrinsic
motivation (IM) and outcome metacognitive skills (MS). As a result, our research questions
are:

1. What impacts do professor regular descriptive feedback (RDF) or peer descriptive
feedback (peer discussion) (PDF) integrated with professor RDF have on
metacognitive skills (MS)?

2. What impacts do professor regular descriptive feedback (RDF) or peer descriptive
feedback (peer discussion) (PDF) integrated with professor RDF have on intrinsic
motivation (IM)?

3. Is there a difference in the effects for different student subgroups?

a. Do girls and boys have different outcomes?

b. Does it make a difference, if the student has a low, moderate, or high MS, if the
effects differ?

4. Is the impact of professor RDF or PDF integrated with professor RDF, on students’
MS mediated (in part) by its impacts on IM?

In section two, a high-level review of the literature and a conceptual framework are
presented, followed by the data and descriptive statistics, and the empirical design in section
three. Section 4, discusses the findings and finally, section 5 brings the paper to a conclusion
by discussing the results.
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3. RESEARCH METHOD

3.1. Participants

More than 966 students from 16 colleges in Pakistan's southern areas took part in this large-
scale treatment. All participating colleges are situated in Pakistan's heavily urbanized areas,
and are typical colleges for K12 education. All data are within 0.5 SD (standard deviation) of
the mean of all constructs for these specific colleges. The principal author can provide the
representativeness analysis results upon request. Thirty five trained and experienced physics
instructors took part in this treatment. Total of nine hundred and ninety-five physics
students in fifty classes, K9 through K12 are the participants of this treatment. The pre-
survey was completed by all 995 students from those participating colleges at the beginning
of treatment, but twenty-nine students are excluded from the data analysis because they
occasionally took part in weekly assessments (N =10), left class or college during treatment
(N = 08), or did not complete the post-survey at the end of treatment (N = 11), and thus did
not meet the treatment conditions sufficiently. Finally, 966 students included in the sample,
networked within fourteen classes with the control condition (n=222), fourteen classes with
individual condition (n=279), and twenty-two classes with cooperative condition (n=465). In
addition, we use t-tests to compare the included (N = 966) and excluded (N = 29) students to
see if they form a distinct group that shares at least one of the background characteristics
with each other. In this study, no statistically significant variations in student characteristics
between groups are validated.

3.2. Individual group

Individual group (IG) students used their digital devices to answer the same HOQs as the
control group (CG) in the same time span, presenting the difficulty level of the HOQs in a
comparable way across the treated and un-treated groups. Students in the control group can
see the correct answer, but the results of HOQs for students in the individual group are
anonymously displayed on a screen display in front of the class as a histogram with a
distribution of answers. Students get a tick mark when they answer correctly, and their
professor explains and informs them about the reasoning errors that underlie incorrect
answers (Fig. 2).

3.3.Cooperative group

The format of this treatment is similar to that of Johns et al. (2012), here, students who use a
cooperative group (CoG) feedback strategy (peer descriptive feedback combined with regular
descriptive feedback from the professor) and those who use only an individual group
strategy of feedback (professor regular descriptive feedback) answer a set of HOQs every
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week using ARSs polling technology. Unlike Johns et al. (2012), however, we employ a control
group and administer a treatment to two treatment groups that can be compared to this
control group. We also use pairs of questions of HOQs. These questions help students think
about how they can influence their peers with the correct answer, rather than just copying it
from their professors or peers. It gives students the opportunity to examine their problem-
solving methods and develop reasoning and metacognitive skills (Badia et al., 2016; Baker et
al, 2017; Bowen, 2012; Mayer, 2008; Mayer et al., 2009). Students learn via professor RDF or
PDF, and as a result, they are instantly able to answer 2 HOQ properly (Barber & Njus,
2007; Brady et al., 2013; Brady et al., 2015). For this treatment, we developed a database of
900 paired sets of adapted HOQs of consistent Pakistani National Curriculum of Physics
(PNCP), examination conducted by the Boards of Intermediate and Secondary Education
(BISE Sindh, BISE Punjab, and BISE Baluchistan). In each set of questions, the cognitive
domain is assessed at the same level (Revised Bloom's Taxonomy—RBT, 2001) and
conceptual understanding is assessed at the same level, especially at the analysis or
evaluation level (Anderson & Krathwohl, 2001). This database then contains 565 pairs of
software-level questions and 335 pairs of evaluation-level questions. The sets of HOQs
include the entire core material of the Pakistani secondary and higher secondary physics
program (e.g., electromagnetism, modern physics, waves, mechanics, and thermodynamics).
A professor chooses five paired sets of HOQs (a total of ten questions) for students to solve
using their digital devices and ARSs technology (Socrative), depending on the theme of the
week (for example, see Fig A.1 in Appendix A).

The professor does not instantly provide the correct answer in the cooperative
group after polling a HOQ, and the histogram of the students' polling is also not displayed.
The HOQs are set to appear twice in this scenario, and they are accompanied by a peer
educational technique (peer discussion) (Hake, 1998). Before answering the question again
individually, students have four minutes to discuss their responses and alternative answers
in pairs (think-pair-share). For the time being, the professor simply walks around the
classroom, listening to and interacting with students as they discuss various topics (focusing
on intrinsic motivation not just answers). A histogram of the previous responses is used to
quickly locate the answers, and the students are then asked to answer the same question
once more. The professor discusses the correct and incorrect answers after the tick mark
verifies the correct response (Fig. 2). The second follow-up HOQs are given to students
individually, and their responses are required, as they did in the control and individual
groups, see dotted blocks in Fig. 2. A tick mark shows the students of the correct answer, after
polling on this question. The professor provides students with immediate regular descriptive
feedback (RDF) on how well the concepts are comprehended, after showing the histogram of
the student responses. HOQs are asked five times per week in the manner depicted in Fig. 2.
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3.4. Control group

To be effective, students in the control group (CG) must see a tick mark next to the correct
answer on HOQs. They don't get any feedback on the polling data from their professor or
peers, and they don't get any explanations for correct and incorrect responses either (Fig. 2).
By providing all participants in this treatment with access to a secure website where they can
read the restricted overall feedback of all correct and incorrect answers after class, we
address the ethical consideration of having a control group that makes no benefit. We don't
know, however, if the students made use of it on a regular basis.

3.5. Treatment

There were two treatment groups (a cooperative (peer) group and an individual group) as
well as one control group (an untreated group) for which we devised an intervention using
ARSs technology to evaluate our conceptual framework and provide answers to our research
questions. Cooperative students use PDF (peer discussion) and professor RDF, while
individual group students only get feedback from the professor. Every week for twenty-four
weeks, students in all three groups (a control, a cooperative, and an individual groups) solved
average 10 HOQs, which were comprised of five pairs of questions in each set. Questions with
different numerical values and contexts validate the same conceptual understanding, but in
different contexts, and with different concepts or principles (Krause et al., 2017). Researchers
with prior experience using Revised Bloom's taxonomy (Anderson & Krathwohl, 2001;
Armstrong et al., 2007) to investigate physics questions devised all weekly questions to test
higher order cognitive skills on the 'analyzing' and 'evaluating' levels for higher order
cognitive skills. Using 'analyzing' and 'evaluating' questions to allow students to demonstrate
mastery of the learning martial improves students' learning ability and metacognitive
development by studying and understanding the data by breaking it down (Anderson &
Krathwohl, 2001; Armstrong et al., 2007; Beatty et al., 2006). There are four possible answers
to each HOQ, with only one of them being correct. We use Socrative (ARSs), a free online
student response software program that works on any digital device that can connect to the
internet, because nearly all students have personal digital devices. Professors can easily
manage formative assessments for their students with this online tool, which is accessible at
www.socrative.com. Students can create problems and organize the flow of questions
(Cameron & Bizo, 2019; Compton & Allen, 2018; Deslauriers et al., 2019). A computer or a
laptop could be borrowed from the college by students who did not have their own digital
devices or whose batteries ran out. This has happened a few times now. Meanwhile, the
overall effects of using ARSs technology on digital devices as the primary device should have
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been unaffected. There is a large screen in front of the class and digital devices are used to
show the questions.

First Higher-Order Question Second Higher-Order Question
| S .
| | ! :
Control - s , s — .
- . S 7 rec 1
Group T I:‘RSIS Only c{on.eut I ARSs | | Onlycorrect
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Fig. 2. Design of the Experiment.

Using their individual digital device and without communicating with one another, students
are given three to four minutes to answer a question, depending on the difficulty and nature
of the HOQs. The answers are then collected using the Socrative (ARSs technology)
application, after the polling has been cast. The Socrative (ARSs) program records all student
responses, including null responses. Because their responses aren't associated with their real
names, students are anonymous in the eyes of the professor. It doesn't matter whether or not
the responses are correct because they are not graded and have no bearing on the students’
final grades. Even though all three groups apply the same Socrative application (ARSs
technology), how feedback is presented differs among groups.

3.6. Treatment time detail

Sixteen nearby colleges were chosen, a few months before the treatment began, based on the
researchers' previous contacts. This information was provided to them via e-mails from the
principals of participating institutions, who then asked if they wanted to take part. The
participating physics professors were briefed on the test's objectives after the 16 institutions
agreed on treatment conditions for the treated and untreated groups. The professors were
given a one-hour treatment session by the researchers on the use of ARSs and the
preliminary conditions under which treatments must be implemented in order to improve
proficiency and ensure that FA as well as polling technology are most likely used efficiently
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(Fig. 3). A database of HOQs was also given to them for enhancing the ARSs tests (based on
Higher-Order Questions). As a result of scheduling software, students were randomly
assigned to one of two treatment groups, and three weeks later, classes were assigned by the
researchers in a similar manner. A 31-week treatment cycle was followed by a 2-week testing
period, a five-week summer break, and (the tests were excluded from the treatment). Based
on the literature, more than twenty weeks are required for measuring the development of
metacognitive skills (Butler, 2018). Before the test, participants completed the intrinsic
motivation and metacognitive skills survey, and after the test, they completed a follow-up
survey, one week later.

3.7. Procedure

This study's internal validity is increased by using a randomized experimental design with 16
participating colleges. For this, students from each college are randomly assigned by the
scheduling application to one of the physics classes according to their educational level.
Before the schedules are created, the data is randomly generated. The treatment is then
randomly assigned within colleges based on draws to the treated and untreated groups, again
based on educational level. We can assume that by randomizing classes, when dividing into
the treatment and control groups, and becoming random did not rely on the professor, in this
way, we reduce possible professor effects. We limit possible college effect and increase the
external validity of our research, with including sixteen colleges in the treatment, by
randomizing within these colleges.

Wk Wk Wk Wk Wk Wk Wk Wks Wk Wk
13 14 16 20 22 23 30 32-33 50 51
2020 2020 2020 2020 2020 2020 2020 2020 2020
Assignment Sunumer Test
students to classes Assignment break break End Exp.
by scheduling classes to groups --- no formative assessments-—
software of by researchers Start experiment
each school Pre-swrvey
Start academic year
Training professors
Socrative use by researchers Post-survey
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Fig. 3. Experimental timeline overview.

In addition, we reduce the risk of contamination, i.e. when students discuss HOQs outside of
the classroom with one another. Students are required to take notes on college paper and
leave them in the classroom at the end of each lesson, in order to eliminate this source of bias.
In order to prevent any written HOQs material from being taken outside of the classroom, the
professor's supervision is critical (Matthew & Ziemann, 2020).

3.8. Tools

Students are usually unaware of MS and IM because they are internal mental processes. Due
to students' lack of awareness of cognitive system and intrinsic motivation (IM) processes,
previous research shows that it is difficult for them to express their thoughts (Chng &
Gurvitch, 2018; Chou, 2017; Howell et al., 2017; Mac George et al., 2008; Masania et al., 2018;
Mayhew et al., 2020). Similarly, such mental conceptions are also not easy for researchers to
assess (Mayhew et al.,, 2020; Paniagua & Swygert, 2016; Petto, 2019). Hence, we employ
valid and trustworthy surveys to test these psychological constructs, the MS and IM.

3.8.1. Metacognitive skills

Students’ MS are analyzed by the Heat and Temperature Metacognitive skills Awareness
Inventory (HeTMAI) (Moh. Irma et al, 2021). This validated, self-reported questionnaire
analyzes students' MS. HeTMAI consists of twenty-six items, classified into six psychological
constructs: 1) Knowledge of Cognition (KoC); 2) Planning (PL); 3) Information Management
(INFO); 4) Monitoring (MON); 5) Debugging (DEB); and 6) Evaluation (EVA) (See appendix
C). On a 26 five-point Likert scale of 1 (Never) to 5 (Always), students provide their
responses (Always). All five elements of the Likert scale are used to calculate the HeTMAI's
total measure, which ranges from 1 to 5 (a higher ranking indicates a higher level of MS)
(Moh. Irma et al.,, 2021; Pearson, 2019; Preszler, 2009; Russell, 2020). HeTMAI measures
‘student’s knowledge about oneself as a learner and about the learning' (KoC), and ‘the
knowledge of skills that allow students to plan their learning’ (PL), ‘how a student works on
the information processes' (INFO), ‘how a student applies skills of monitoring and regulation
of its learning' (MON), ‘what a student knows about learning and mastery of learning,
specially, the learning achievement’ (EVA).

3.8.2. Intrinsic Motivation
The Science Motivation Questionnaire II (SMQ-II) (Glynn et al, 2011) measures students’
motivation to master physics by having them complete a motivation scale consisting of 25
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five-point Likert scale items ranging from 1 (Never) to 5 (Always). The total measure for the
SMQ-II is the average of all five-elements of Likert scale measures, with 1 being the lowest
and 5 being the highest, a higher ranking denotes a greater degree of intrinsic motivation
(IM) (Glynn et al, 2011; Pearson, 2019; Preszler, 2009; Russell, 2020).The both
questionnaires i.e., HeTMAI and SMQ-II, which are translated into local languages by a panel
of autonomous, expert and qualified professors, all experts in local languages and the native
speakers in English. Next, the team of professors compared their work with the original
English Models and worked on consensus building, on both questionnaires. After extensive
discussions, professors resolved the inconsistencies and generalized joint Models in local
languages. The questionnaires were translated back into English and compared to the
original Models to see if they were consistent with the original English questionnaires. The
surveys were eventually delivered to 48 students who were not research participants. They
completed the questionnaires and commented on any items that were unclear.

3.9. Pre-survey records

All students were asked to complete a pre-survey that contained demographic information
prior to the start of the treatment (ARSs use in the previous academic year, gender, physics
test measures in the previous academic year, and age); as well as the pre-tests the Heat and
Temperature Metacognitive skills Awareness Inventory (HeTMAI) (Moh. Irma et al,, 2021)
and Science Motivation Questionnaire (SMQ-II) (Glynn et al., 2011). The pre-survey was done
in each college and class in week thirteen, one week before treatment began (Fig. 3). The
professors explained the aim of the survey and urged students to take part, emphasizing that
participation were entirely voluntary. All present students completed the survey voluntarily
within a half-hour in the presence of the professor. Following that, all students who had been
absent or sick during the class completed the pre-survey during the same week as the class.
The amount of internal consistency for all contributing students as evaluated by Cronbach's
alpha (Cronbach, 1951), is good for the pre-HeTMAI a = 0.86. This alpha value exceeds the
critical value of 0.70 (Cameron & Bizo, 2019). The same employs for the subscales; 1)
Planning (PL; 05 statements: a = 0.81); 2) Knowledge of Cognition (KoC; 06 statements: a =
0.88); 3) Information Management (INFO; 04 statements: o = 0.85); 4) Monitoring (MON; 04
items: a = 0.87); 5) Debugging (DEB; 03 items: a = 0.90); and 6) Evaluation (EVA; 04
statements: a = 0.85). There are no significant differences between the Cronbach alpha
coefficients and the previously reported HeTMAI values (Johns et al., 2012; Moh. Irma et al,,
2021). Cronbach's alpha shows that the pre-SMQ-II coefficient of internal consistency for all
individuals is an appropriate = 0.84, which is in line with Glynn's findings (2011). With the
(aforementioned) critical value of 0.70 (Johns et al., 2012), we may assert that the pre-survey
tools are valid and dependable.
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3.10. Post-survey information

By completing the same survey and following the same protocols at the end of the treatment,
researchers evaluated students’ MS and IM. Just before winter break, we finished the post-
survey (Fig. 3). The Cronbach’s alpha measure (a= 0.89), is again good for answers to the
post-HeTMAI The same employs for the subscales; 1) Planning (PL; 05 statements: a = 0.81);
2) Knowledge of Cognition (KoC; 06 statements: o = 0.88); 3) Information Management
(INFO; 04 statements: a = 0.85); 4) Monitoring (MON; 04 items: a = 0.87); 5) Debugging
(DEB; 03 items: a = 0.90); and 6) Evaluation (EVA; 04 statements: a = 0.85). Cronbach's alpha
shows that the pre-SMQ-II coefficient of internal consistency for all individuals is an
appropriate = 0.87, which is consistent with Glynn's findings (2011). Based on the crucial
value of 0.70 (Johns et al., 2012) from the (aforementioned) Cronbach alphas, we conclude
that the post-survey tools are valid and reliable.

3.11. Data analysis

This treatment involved 966 students from 50 different classes, with 59% of them being
female (41 percent boys), Table 1 summarizes the descriptive statistics. The students are an
average of 17.90 years old (SD = 1.87), with ages ranging from 15 to 19, at the start of the
treatment. The previous year's average physics test score was 19.35 (SD =.36), measured on a
scale between 1 and 30. ARSs was previously used by 48% of the students, and the score is
3.48 (SD =.44). On a scale of 1 to 5, the average metacognitive skills (MS) measure is 4.55 (SD
= 0.55). The average intrinsic motivation (IM) measure is 4.32 (SD = 0.64), again assessed on
a scale between 1 and 5. Analysis of the MS and IM among the individual group, control
group, as well as the boys and girls in the cooperative group, Table 2 presents. Using the
analysis of variance (ANOVA), the effectiveness of randomization is evaluated. There was no
significant difference between student groups (individual and cooperative) when analyzing
data using ANOVA in comparison to control group. All of these student pre-treatment trends
will be taken into account in our regressions in the next section. To aid in the interpretation
of the findings, we'll use standardized (z-) measurements for all constructs.

We performed analysis of variance (ANOVA) in this study to examine if an
individual or cooperative treatment affects MS and IM. Since ANOVA is the standard method
for analyzing experimental data with two or more treatment conditions (Butler, 2018; Schell
& Butler, 2018), following the treatment conditions, we adjust for students' observable pre-
treatment components such as intrinsic motivation (IM), metacognitive skills (MS), age,
gender, previous year ARS use, and physics exam measure. All standard errors in this analysis
are clustered at the class level, since we randomized at the class level. To assess if the
treatment has varied effects based on gender and metacognitive skill level, we include the
interaction between the treatment condition and gender in Models 3 and 7, and the
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interaction between the treatment condition and metacognitive skills in Models 4 and 8.
Finally, we apply a sequence of four regression analyses defined by Barchilon and Ben-Av
(2016), for mediation effect testing. If (1) the treatment has a significant effect on the
presumed mediator intrinsic motivation, (2) the treatment has a significant effect on the
outcome construct metacognitive skills, and (3) the presumed mediator intrinsic motivation
is significantly related to the outcome construct metacognitive skills, (4) we examine whether
the effect of the professor regular descriptive feedback (RDF) or peer descriptive feedback
(PDF) in combination with RDF on MS is reduced (partial-mediation) or no longer significant
(complete mediation), if we control for the presumed mediator intrinsic motivation (IM).

4. RESULTS

4.1. Metacognitive skills

The effects of professor regular descriptive feedback (RDF; individual group) or peer
descriptive feedback (PDF) with professor RDF (cooperative group) on MS are presented in
Table 3. Regression analysis with clustered standard errors is used to estimate all models.
Model one is a simple model with an outcome construct for MS, which solely refers to the
student's treatment status. Model 1 shows that the cooperative treatment has a positive
effect on MS when compared to the control group, with 2 = 0.54 of SD, significance at p <
.001. A combination of descriptive feedback from both peers and professors had a good and
significant impact on the MS when compared to an untreated control group. The individual
experiences a slight benefit, but nothing noteworthy. For each treatment condition, the mean
post-measure of MS and 95% confidence intervals (CI) are shown in Figure 4. To
demonstrate this, look at Figure 4, which shows that the CI between the control and
cooperative groups do not overlap, but there is a significant overlap between the individual
group and the other two groups. The cooperative group's mean is not only different from the
control group’s means, but it is also distinct from zero. This will increase the accuracy of our
estimates and the explained variance in our model, and these constructs can also predict
differences in outcomes (Temitayo, 2020). To find out how accurate our results are, we
include pre-treatment constructs such as IM, MS, age, gender, use of Socrative (ARSs
technology) during previous year, and physics test measure of the previous academic year in
Model 2,. Incorporating these constructs marginally reduces the effect of CoT, but it remains
significant at the p < .001 (with a standard deviation of B2 = 0.51). Model 3 includes
treatment indicator terms of interaction with gender to evaluate if treatment affects MS
differently in boys and girls (Table 3). Considering that Model 3's reference group consists
solely of males, its impacts on treatment status (InT or CoT) only reveal how effective the
treatment is for boys, as opposed to how effective the treatment is for all genders.
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Table 1. Descriptive Analysis.

Sample Mean SD Lower Upper

Metacognitive skills (average score) pre- 966 4.55 .55 1 5
measure

Intrinsic Motivation (average score) pre- 966 4.32 .64 1 5
measure

Physics test measure previous year 966 1935 .36 1 30

Socrative use previous year 966 2.48 .54 1 5

Age 966 17.90 1.87 15 19

Table 2. Pre-test scores of groups; Control group (CG), Individual group (InG), and
Cooperative group (CoG), ANOVA results.

CG InG CoG F P
(n=222) (n=279) (n=465)
Mea SD Mean SD Mean SD
n
Metacognitive skills 450 .53 4.45 45 4.65 .65 1.79 4
(average score) pre- 5
measure
Intrinsic Motivation 440 .43 4.05 48 4.29 .59 32 9
(average score) pre- 2
measure
Physics test score 194 33 19.25 31 20.35 46 65 .6
previous year 5 8
Socrative use previous .89 48 .84 46 1.09 .68 91 5
year 2
Age 179 1.67 17.27 1.66 17.80 1.87 322 .7
Gender (girls) 0 .55 49 48 .57 .52 9 6
.52 1.65 .3
2

*kp < 0.001, **p < 0.05, *p < 0.01.

Table 3. Standardized Post-measure metacognitive skills (MS), Regression
analysis estimates.

Model 1 Model 2 Model 3 Model 4
MS MS MS MS
Post-measure Post-measure post-measure post-measure
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(B1) Individual Treatment
(InT)c
(B2) Cooperative Treatment
(CoT)e
(A1) Gender (Girl = 1)
(81) Individual X Gender
(0/1)
(82) Cooperative X Gender
(0/1)
(A2) Metacognitive skills
Low pre-measure (0/1)
(A3) Metacognitive skills
Middle pre-measure (0/1)
(n1) InT X Metacognitive
Low pre-measure (0/1)
(m2) InT X Metacognitive
Middle pre-measure (0/1)
(n3) CoT X Metacognitive
Low pre-measure (0/1)
(n4) CoT X Metacognitive
Middle pre-measure (0/1)

30 (.28)

54 (.18)

25 (.22)

51" (.17)

-.030 (.19)
477" (.15)

-.37" (.085)
67" (.25)

24 (21)

093 (.21)

37 (.12)

-2.030"" (.19)
- 477 (19)
37 (.38)
047 (.26)
65" (.29)

-.047 (.25)

(vx) Covariates Xi

No

Yes

Yes

Yes

Constant

-317 (.15)

-29" (.13)

-38™ (14)

49" (.17)

Observations

966

966

966

966

R2

.041

37

.39

.35

¥p < 0.001, **p < 0.05, *p < 0.01. Class-level standard errors are grouped together. ¢
Compared with control group. Test measures of intrinsic motivation, metacognitive
skills, and physics test scores, age, and use of Socrative are all control factors (tested at
TO) for the experiment.
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Figure 4. As a result of different treatment conditions, the mean standardized post-
measures of metacognitive skills are depicted in Figure 4. In this case, zero
represents the mean of all the students’ standardized post-measure metacognitive
skills.

Model 3 demonstrates a statistically significant discussion effect between gender
and professor RDF (61= 0.67, p < .001), meaning that girls who receive professor RDF
outperform boys on post-measure MS. However, we do not detect any significant variations
in a cooperative treatment between boys and girls (with a significant coefficient of .52
indicating that it is successful for both genders). Furthermore, girls in general measure score
significantly lower on post-measure MS than boys (A1 = - .37, p <.001), whereas boys who
receive cooperative treatment score significantly higher than boys who do not receive
cooperative treatment (32 = .47, p <.01). We noted in the previous part that we divided all
students into three MS subgroups (low, middle, and high) based on their MS pre-measure.
Model 4 depicts the effects for students with high MS measures in comparison to the effects
for the other students. Thus, the coefficients of the cooperative and individual treatments
show the effects for students with high MS. In this scenario, the discussion impact is
significant for students with a cooperative treatment and a low metacognitive pre-measure
(n3 = .65, p <.05), meaning that students with low MS benefit from this treatment much more
than students with greater MS. Furthermore, as expected, students with low and moderate
MS score significantly lower on their post-measure of MS than students with greater MS (A2 =
-2.03,p<.001; A3 =- .47, p <.05, respectively).
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4.2. Motivation

Models 5 and 6 in Table 4 provide further information for the outcome IM. More specifically,
Model 5 represents that the measure (32 of CoT equals to .59 points of SD with significance
level (p < .001). That is, PDF integrated with professor RDF has a significant and positive
impact on IM. For the individual treatment, a non-significant impact for IM is determined. Fig.
5 shows the mean post-IM measurement together with 95% confidence intervals for each
treatment condition. Despite the inclusion of covariance in the analyses to increase the
precision of our estimates, the effects of the CoT in Model 6 remained with 2 equal to.55 SD
and a significance level (p.001). Model 7 incorporates treatment and gender considerations
into the analyses in order to identify the heterogeneity of treatment results based on gender.
In this situation, there is a significant positive interaction effect of treatment and gender (01=
0.65, p < .05). As a result, even when using an individual group treatment, girls are more
motivated than boys. The reference group is boys, meaning that girls in general do
significantly lower on post measure IM than boys (A1 = - .36, p <.01), but boys who receive
CoT perform significantly better than boys who do not receive CoT (32 = .45, p <.05). Model 8
shows the results of interaction analyses based on pre-measure MS of students for IM post-
measure. [t should be noted that students with high MS scores serve as a reference group for
students with low and moderate MS scores. We opt to divide the groups according to pre-
measure MS rather than pre-measure IM. This is because MS is our primary construct of
interest, whereas motivation serves as a mediator and an intermediate outcome measure. We
found no significant interaction effects for students with mild and moderate MS when
compared to students with high MS in this study.

Table 4 Standardized Post-measure intrinsic motivation (IM), Regression analysis estimates.

Model 5 Model 6 Model 7 Model 8
IM IM IM IM
Post-measure Post-measure post-measure post-measure
(B1) Individual .090 (.29) .088 (.27) -.33(.18) .095 (.21)
Treatment (InT)c
(B2) Cooperative 597 (.17) 55" (115) 45" (\14) 39" (112)
Treatment (CoT)c
(A1) Gender (Girl = 1) - - -36" (.15) -
(01) Individual X Gender - - 65" (.24) -
(0/1)
(62) Cooperative X - - 064 (.21) -
Gender (0/1)
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(A2) Metacognitive skills - - - -1.030 (.19)
Low pre-measure (0/1)
(A3) Metacognitive skills - - - .044 (.19)
Middle pre-measure
(0/1)
(n1) InT X Metacognitive - - - .037 (.22)
Low pre-measure (0/1)
(m2) InT X Metacognitive - - - -.048 (.24)
Middle pre-measure
(0/1)
(n3) CoT X Metacognitive - - - .55 (.27)
Low pre-measure (0/1)
(n4) CoT X Metacognitive - - - .049 (.24)
Middle pre-measure
(0/1)
(vx) Covariates Xi No Yes Yes Yes
Constant -.29 (.094) 25 (.72) -.28 (.18) -.079 (.15)
Observations 966 966 966 966
R? .038 .57 .59 .57

¥p < 0.001, **p < 0.05, *p < 0.01. Class-level standard errors are grouped together. ¢
Compared with control group. Test measures of intrinsic motivation, metacognitive
skills, and physics test scores, age, and use of Socrative are all control factors (tested at
TO) for the experiment.
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Figure 5. As a result of different treatment conditions, the mean standardized post-
measures of intrinsic motivation are depicted in Figure 5. In this case, zero
represents the mean of all the students' standardized post-measure metacognitive
skills.

4.3. Mediation analyses

To assess whether IM mediates the projected effects of treatment status on MS, four
regression analyses are undertaken. The first stage is to demonstrate a statistically significant
relationship between treatment status (CoT or InT) and IM. Remember that in table 4, model
6 revealed that only the CoT had a statistically significant positive effect on IM (2 = .55, p <
.001). As a result, we concentrate entirely on this considerable influence, which is
represented in Fig. 6, track A. The second stage must be performed with MS treatment status.
Remember that Model 2 in Table 3 shows that CoT has a significant positive influence on MS
(B2 = .51, p < .001). This effect is represented in Fig. 6 for Track B. The final step is to
immediately include the IM post-measure into a regression with the outcome MS. Despite the
fact that we do not adjust for treatment status, the findings of model 9 in table 5 demonstrate
that IM is strongly associated with MS (ys = 0.89, p < 0.001). This relationship is depicted in
Fig. 6. As a result, IM can mediate the estimated effect of treatment status and MS, which can
be observed if the IM post-measure is added to the treatment and MS post-measure
regression analysis. Track D in Fig. 6, Model 10 in Table 5 show that the estimate 3 of CoT still
strongly predicts MS (2 = .84, p < .001). According to the data, the impact size has been
reduced slightly from 0.51 to 0.42, showing that IM partially mediates the effects of CoT on
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MS. In addition, we use the Sobel test (Sobel, 1982). According to this test, when IM is
incorporated into the models (z = 3.65, p =.021), the beta coefficients between a cooperative
treatment and MS reduce significantly.

Table 5 Regression analysis predicts metacognitive skills for mediation analysis.

Model 9 Model 10
MS MS
post-measure post-measure
(B1) Individual Treatment (InT)c - 19 (.14)
(B2) Cooperative Treatment (CoT)c - 427 (.098)
(vs) Motivation post-measure .89 (.074) .84 (.078)
(yx) Covariates Xi Yes Yes
Constant -73 (.74) -.79 (.84)
Observations 966 966
R2 .69 71

®¥p < 0.001, **p < 0.05, *p < 0.01. Class-level standard errors are grouped together. ¢
Compared with control group. Test measures of intrinsic motivation, metacognitive skills,
and physics test scores, age, and use of Socrative are all control factors (tested at TO) for
the experiment.

B =.51""(.17)

Regular Descriptive > Metacognitive
Feedback :_________________________/_,, Skills
e B =.25(.22) Y
A=55""(15)  A=.088(27) C = .89 (.074)

- /
S y;
RN /
A/

Intrinsic Motivation

D =.42" (.098)

D = .19 (.14)
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Fig. 6. Individual treatment (dashed arrows) and cooperative treatment (solid arrows),
mediation analysis.

conforming that IM is a partial mediator here. Table C. 3 in appendix C, indicates the complete
results of Table 5.

5. DISCUSSION

The purpose of this research is to investigate the impact of descriptive feedback (DF) during
regular feedback techniques using ARSs technology on students' MS. As a result, we
conducted a randomized field experiment (RFE) on 966 college students enrolled in physics
programs in Pakistan. For intermediate outcomes intrinsic motivation (IM) and outcome MS,
the consequences of descriptive feedback systems (e.g., RDF—professor regular descriptive
feedback and/or PDF—peer descriptive feedback) are examined. As a result, our research
study answers four research questions, are:

1. What impacts do professor regular descriptive feedback (RDF) or peer
descriptive feedback (peer discussion) (PDF) integrated with professor RDF have
on metacognitive skills (MS)?

2. What impacts do professor regular descriptive feedback (RDF) or peer
descriptive feedback (peer discussion) (PDF) integrated with professor RDF have
on intrinsic motivation (IM)?

3. Is there a difference in the effects for different student subgroups?

a. Do girls and boys have different outcomes?

b. Does it make a difference, if the student has a low, moderate, or high MS, if the
effects differ?

4. Is the impact of professor RDF or PDF integrated with professor RDF, on students’
MS mediated (in part) by its impacts on IM?

Regarding research questions 1 and 2, the findings indicate that PDF integrated with
professor RDF have a significant positive impact on MS and IM. The results suggest that IM
has a significant standardized impact size of about 0.6 and MS has a significant standardized
effect size of about 0.6. The current findings are consistent with earlier studies (Brydges &
Butler, 2012; Burton, 1991; Mazur, 1997) and corroborate the conclusions of Brady et al.
(2013, 2015), Johns et al. (2012), and Mayer (2008), and Mayer et al. (2009) that ARSs
technology should be merged with PDF to improve MS. Hunsu et al. (2016) reported a
common outcome of approximately 0.8 SD for MS and 0.1 standard deviations SD for
motivation in ARSs technology treatments, in their meta-analysis. It is difficult to compare
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effect sizes, however, because included studies only utilize control groups without ARSs
technology or without HOQs, whereas in our study the control group also uses ARSs
technology. According to our reporting, the majority of students (their discussion to
professor) said, professor’s explanations of proper reasoning are more efficient and
constructive. We found this out through informal conversations with students. As a result,
students demonstrate that they like group discussions, which break up the monotony of
passive listening and guide them to support alternate solutions. Research by Suzan et al.
(2010) and Masania et al. (2018) has also showed comparable outcomes. With PDF, students
are more engaged and do not just take their instructors' or classmates' answers for granted.
Since we used paired units of HOQs, we also recommend that PDF boost students' IM and MS.
These talks let students learn from one another and put that learning to use when
establishing follow-up HOQs. It fosters MS and reasoning, which makes it easier to transfer
information and abilities from one problem to the next and from one context to another
(Sajna & Premachandran, 2016; Zohar & Dori, 2012). Discussions of pairs of HOQs help
students progress beyond the 'trial-and-error' problem-solving method.

We have seen that boys and girls are affected differently, in relation to the current
research question 3a. Girls outperform boys on the post-measure MS and appear more
motivated when professor RDF is employed as a motivational tool. Girls benefit from both
individual (InT) and cooperative treatment (CoT) for MS and IM, but boys benefit only from a
CoT for MS and IM. According to Compton and Allen (2018) and Deslauriers et al. (2019),
both girls and boys benefit from ARSs systems' feedback techniques, but they approach
learning in different ways. These gender impacts are in agreement. The results of this study
are in line with earlier research, which suggests that girls may have a more positive attitude
toward professor RDF and be more cognizant of the relevance of his feedback (Compton &
Allen, 2018; Cubric & Jefferies, 2015; Flavell, 1976), which improves their perceptions of
competence and MS (Deslauriers et al., 2019). We recommend combining peer discussion
(PDF) and professor feedback (RDF) during a formative assessment with ARSs procedures to
accommodate both girls and boys based on the findings of gender variances in MS and IM.

According to our findings in response to question 3b, there are also diverse effects
across different MS subgroups of students. In comparison to students with high MS, those
with low MS benefit much more by using PDF on top of professor RDF. Students with low MS
may benefit more from a CoT than students with high MS, according to the findings of Vickery
et al. (2015). Students with low MS may benefit more from contacts with high metacognitive
classmates, which could explain our findings. Students with low metacognitive knowledge
and skills benefit from instruction and collaboration with a more skilled metacognitive
learner, according to David et al. (2015) and Suzan et al. (2020), this is consistent with our
research study findings. In line with Vallely and Gibson's (2018) findings, we found that
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descriptive feedback (DF) reduces the cognitive load of students during learning, particularly
for students with little MS who are confronted with more difficult problem-solving problems.
Students with low MS have a greater need for HOQs with an 'analyzing' or 'evaluating' level
because these HOQs require significantly less MS. This could explain some of our findings. We
recommend teachers, based on these preliminary findings, to keep in mind the composition
of the student group while interacting with peers; hence, students with strong metacognitive
skills are partnered with those with low metacognitive skills.

Finally, in response to research question 4, we show that the impact of PDF
combined with professor RDF on MS is mediated in part by the impact of IM. Because of this,
formative assessment with peer discussion and professor RDF can motivate students, which
in turn help to partially modify MS. A CoT and MS were found to be partially mediated by IM,
which is a novel finding and contribution to the literature. In our opinion, PDF enables
students to monitor their progress and improves their ability to assess how well they grasp
academic material, both of which contribute directly to MS, this increases IM to study and as
a result, increases MS. Additionally PDF makes lectures more lively and engaging, as well as
making students more proactive and attentive when answering HOQs, which leads to
increased IM, which indirectly increased MS. The more time spent during peer conversations
on these HOQs, the better the results in MS may be. The important thing to remember,
however, is that conceptualizing difficult cognitive processes take time and effort (Veenman
& Elshout, 1995). The results of Vallely and Gibson (2018) and Mayhew et al. (2020) back up
our claim that there would be no statistically significant increase in the MS, in this study.

Concerning the generalizability of the findings of this current study, we believe that
these results can be applied in not only in the context of Pakistan but also will be effective in
the other nations of the world, based on the two grounds. First, because our 16 colleges
represent average colleges Pakistan, we can confidently assert that our findings apply to the
vast majority of Pakistani institutions of secondary and upper secondary education. There is
a 0.5 standard deviation difference between the mean of all constructs in the data for these
colleges. Second, our HOQs cover all of the major academic topics of a normal college physics
program (modern physics, thermodynamics, waves, electromagnetism, and mechanics);
hence we believe the treatment is not context-bound. It also implies that there is no reason to
believe that a comparable strategy would not be viable in different nations and cultures than
Pakistan because these HOQs used in the treatments were generated by professors from the
participating colleges (rather than by a context-specific academic author), they were
completely based on the world-known revised Bloom's Taxonomy (Anderson & Krathwohl,
2001). When using audience response systems (ARSs; such as Socrative) in the cloud, we
found that they have equivalent features and specifications (e.g., plotting their histograms) to
other regularly used audience response systems, and so, the findings were almost certain to
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be identical. It is important to note that the findings can only be applied to countries where
all students have digital devices and are used to keeping up with educational technology in
class. The usage of data from multiple educational contexts is also required to implant
knowledge that can be applied to the outcomes, as evidenced by the aforementioned findings.

6. CONCLUSION

Using the ARSs technology, this study shows that PDF followed by professor RDF improves
students' MS, in part through IM. While students with low MS benefit more with PDF,
students with high MS are more intrinsically motivated while using professor RDF, since girls
have greater MS and are more intrinsically motivated in comparison to boys. Using
randomized field experiment with a control group, this study confirms findings that
formative assessments with ARSs technology should be used in conjunction with PDF and
professor RDF to engage students in deeper metacognitive monitoring and development of
MS (Brady etal., 2013; Brady et al., 2015; Brydges & Butler, 2012; Mazur, 1997).

Regardless of how well designed and executed this study was, there are still two
issues that must be addressed in future studies. Even if a CoT improves MS symptoms, the
true quality and amount of student-to-student interactions have yet to be studied. When it
comes to student-to-student relationships, there are many variables that determine how
much and how well students get along with each other. These variables include things like
the time of day and the subject matter. Research in the future should concentrate on
interactions and evaluate if the results gained were due to knowledge gains from interactions
or to adopting responses from other students' responses. It's critical to conduct research in
this area so educators can determine how much time they should give students to engage in
effective discussions with their classmates, while yet keeping class time to a minimum. As a
result, we were unable to answer questions about how feedback strategies increase student
learning, even though we investigated the effects of descriptive feedback on students' MS
while applying feedback techniques with ARSs technology. Future studies should look into
how feedback tactics influence MS and whether instructors need to learn how to construct
effective FA to help students understand the subject matter better. Many faculty use ARS
technology for FA without considering the impact that feedback schemes can have on
students' MS and their ability to study. Students will be examined utilizing formative
assessments with ARSs technology while using PDF and professor RDF, which, based on
present data, we can definitely recommend.
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