

    
Probing Physics student’s creativity and Mathematics Knowledge requisite on concepts of friction using the Sliding block and Atwoods Machine Model(serway,1982)
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Abstract
The study investigated Physics learners’ creativity and problem solving difficulties on the concepts of Friction using activity-based learning structure embedded in the sliding Block and Atwood Machine model. The model provided dialogue, students’ engagement, practice, data assemblage and mathematics knowledge application. Analyses of students performance scores using the t-test and Analyses of Variance(ANOVA) shows that at 0.05 significance level  and df (3,56), students creativity and Problem solving on concepts of friction improved significantly when taught the concepts of friction using the models. It is recommended that pedagogical discourse   in concepts of friction in Physics should involve experimentation using the sliding block and Atwood machine model, if students’ creativity, problem solving and conceptual understanding should improve.
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Introduction
Designing teaching strategies on Concepts in Physics is aimed at providing the structure for activities that could create a dialogue between the teacher and the learner.  When a teacher impact knowledge on learners and allow for efforts of proof of understanding as to evaluate the learners mind, a fruitful dialogue is attained. Teaching, as a form of interaction should allow for exchange of ideas, skills and knowledge. Moyles et.al (2003) underscored teaching and classroom interactions as effective when there is a use of reflective dialogues to unpick and understand what is about classroom interactions and how they benefit from both teaching and learning. Physics teachers’ pedagogical approach to concepts should consistently embrace expository question and answer, discussions and listening subsumed in a process of activity thematically. The mastery of these processes leads to an understanding of creativity. The creative learner, therefore, get engrossed in experimental activities, problem solving, direct explanations of ideas, and dialogue in a group or individual discourse. To investigate students’ disposition , Leask,Botha,Holm and Rynfield (2020) stated that learners may be required as part of evaluation to make   formal report back on an activity or prepared activities planned towards achieving a goal given the practice of physics, they remarked that there is a positive effect on the theoretical  knowledge of learners when they are exposed to practice  . The type of questions asked in classroom interaction involving Physics concepts border on high level cognitive demand aimed at exploring information, synthesis and transfer of ideas and application of knowledge (Pollard, Anderson, Maddock, Swaffield, Wari, Warwick,2008).
An overview on how to encourage and probe creativity in Physics was outlined; focus on open-ended questioning, providing opportunities for students to participate in creative problem solving on real world applications (Mirsa, Islamiyah, Rizki and Saputri, 2023) the authors mixed method exploratory methods revealed that 75% of students claimed to lack motivation to learn Physics, had creativity score of 9.51 and this was remediated using activity- based teaching method. On the concepts of mechanics, creative thinking   skills of Physics students on solid material elasticity was carried out in the works of Batlolona, Diantoro, Wartono and Latifah (2019) using diagnostic tests developed by the researchers and validated by theoretical Physics. The constructs of measurement of students creative ability  are fluency, flexibility, originality and elaboration where students had high scores   in stress, tension, and Young modulus, especially when exposed to the practical based learning (PBL approach). The approach enhanced students creative knowledge .According to Sugita and Sutikno (2021) creativity results from a creative thought based on an adequate school system that would awaken ,build and stimulate logical and creative thinking towards the reasoning students ,mainly by focusing intensifying and directing the development of students ability engrossed in the classroom learning planned activities. Dike and Avwiri (2015) emphasized that as students take part in Physics practical, it improves their ability to become self-reliance. Therefore the teaching of Physics should go beyond the classroom.
 Again as a mental activity, Anna,&Elena(2017) remarked on individual differences  that could create ideas and products culled from existing ones, termed fundamental. Teachers are saddled with the responsibility to guide the process. Students registered improved attention , high creative levels and performance when they worked collaboratively on problem solving and creative thinking when taught using problem based learning strategy.Perry&Karpova (2017) mentioned that the strategy required ability and skills of teachers in developing teaching materials to bring up the phenomena that can be solved by the students who would explore various references to strengthen their thinking and applications. 
Physical phenomena have often been interpreted with mathematical knowledge. The math knowledge often required for concepts of friction are resolution of vectors, dot product of vectors, transposition of fractions, trigonometry, differentiation, and elementary operations. Physics and Mathematics are intrinsically linked when handling friction where the required math knowledge provides for the quantitative and qualitative expression of Physics, whose knowledge also deeply depended on other natural sciences, having their laws expressed in mathematics. Furthermore, Mathematics is the fulcrum and tool used to express and proof physical laws, carryout calculations and determine boundaries of those physical parameters (Begmativa & Ottmishev (2009). Bonu, Yulduz & Khayitbaev (2019) indicated that the interdependence of Physics on other related natural science is an important quality that demonstrates that educational process is organized on a specific basis in order to deepen the skills, knowledge and content it provides. Although the authors relied on text relativity, creativeness of the learner should relate to extensive and coherent explanations which mathematics afford.



Concept of Friction
Friction is defined as the force that resists motion of solid layers, fluid layers and material elements against each other. According to Serway (1982) and others factors affecting frictional forces are mainly surface texture, amount of force, direction force applied, mass and object position. Frictionless surfaces are solid surfaces whose surfaces are either smooth, greased or lubricated. The force that cause wear and cracks are reduced. However, the free body diagram for a body inclined at an angle of 45 whose a=g sin ø is shown 
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Fig 1: Free body diagram for a body inclined at an angle of 45 whose a=g sin ø
Friction are of two types when a body is in motion through a viscous medium the resistance to motion due to the interaction between the body and its environment is termed a frictional force. It is tangential to the surfaces in contact. When the body is static not moving on any other surface, there is equality between the force of friction and applied force it is then called the static frictional force.
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Fig 2: Free body diagram of a body resting on a table. 
As the applied force F is increased, the frictional force f is overcome F>f to create a temporary motion of the block on the other surface. This is dynamic friction or kinetic friction between the surfaces.      
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Fig 3: Free body diagram of a body on a flat horizontal surface indicating normal and weight force 

The Fmax are proportional to the normal force acting on the block. the following observations form the basic laws
I. The direction of the force of static friction between any two surfaces in contact is opposite the direction of any applied force Fs = µsn 
II. The direction of force of kinetic friction acting on an object is opposite the direction of its motion Fr = µkn
where the dimensionless factor Us is called the coefficient of kinetic   friction are not dependent on the area of contact.
Atwoods Machine Concept (Seeway,1982)
The set-up for the experiment to determine friction in this machine considers;
I. Unequal masses hung vertically over a frictionless pulley
II. It is useful in measurement of gravitational field strength and
III. Determine the acceleration of the two masses and tension of the string
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          Fig 4: Free body diagram                                                                 
                                                               		  
Force at body A: mag                                   
Tension on T: Ta
Force Balance Ta-Mag is total
force on Mass A
similarly, on Body B
	F = Mbg
Force Balance = Tb-Mbg  
Equally of F mainly due to inelastic string weightiness
Ta-Mag=Tb-Mb 
Ta-Mag-Tb-Mbg=0 at static 
equilibrium
However, if Ma=Mb static equilibrium holds true but if ma is greater than mb there will be an upward motion of the body and conversely, there Is a downward motion. The sum of forces Fy= T- mag and Fy =T-Mbg similarly sum of forces Fy=Ma and Mb therefore a=Mb-Ma\(Mb+Ma)g where T=(2mamb\ma+mb)g these equations are the ATWOOD MACHINE EQUATION

Experiment to determine µs and µk the block experiment.
I incline plane on a solid support
II measure the angle of inclination through height of plane H and length of solid support L   
III using a spring balance determine the value of mass of wooden block mb before the experiment   Does this mass increase or decrease at the levels on the plane
Iv increase the inclined plane gradually
V place on same plane the block but increase angle of inclination as the block just slides, measure the critical angle.
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Fig. 5: Force diagram reveals mathematical reasoning for the three main forces on the plane
For static case: ∑fx = mgsinø – f = 0 
F= mgsinø, ∑fx =0;  mgcosø - µ = 0 ; From mgcosø = µ
      mg = ; mgsinø - fs = 0; × sinø = fs; n tanø = fs; At critical angle ø,
[bookmark: _Hlk197042438]    fs = µsn       µs = ;  n tanø /n 
[bookmark: _Hlk197049895]   µs = tanø ;   For dynamic cases; µk = tanø s
Relevance of Concept in Real World Experiences                        
Friction is experienced in everyday life, driving, grinding, walking, pulley machine coupling and fastening of conveyor belt would have been difficult if not impossible without the interplay of friction.
Assessment of Students Creativity and Problem Solving on Friction 
I. Examine connecting objects with friction
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   Fig. 6:      Free Body Diagram of a Pulley System with Masses M1 and M2

Determine the acceleration a of the motion of m1 and m2 applying the second law of motion.
II. [bookmark: _Hlk197050470]State the first law and the second law based on Fig 1. Resolve the free body diagram in the magnitude of frictional forces fk 
                                                                Fsinø                                                                


                                                                                         F

                          T                                            ø                     Fcosø                                                                
                                           fk        

 
                                                      
                                                            mg
Fig. 7: Free body diagram in the magnitude of frictional forces, fk 

III. a. Assume frictionless plane at Equilibrium, determine in terms of m, g and ø,  the mass M, tension T1 and T2.
b. If the coefficient of static friction is µs between m and 2m, Find the maximum value of M
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Fig. 8: Free Body Diagram of a Block on an Inclined Plane with Pulley System

IV. Two forces F1 and F2 act on a 50kg mass. F1 = 20N and F2 = 15N. Find the acceleration of the body.
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Fig. 9: Two forces acting on a 50kg mass. F1 = 20N and F2 = 15N
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Fig. 10. Two-block system encompassing a 10 kg block (A) resting on a 270 kg block (B)


µBA = 0.65, In a frictionless horizontal surface. Determine the force that holds block A from falling if the static friction     µBA = 0.65.
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Fig 11. Two blocks, indicating a 10 kg block resting on top of a 200 kg block on a horizontal surface
Aim and Objectives
The study is aimed at investigating Physics student’s creativity and mathematical knowledge requisite on concepts of friction using the sliding block and Atwoods machine models (Seeway,1982)
The objectives of the study are 
i)To determine students’ performance in the concepts of friction
ii) Identify students’ difficulties in the experiments-Atwood machine and sliding block concepts on friction.
iii) Measure student’s proficiency in problem solving on friction 
iv)Determine the creativity levels of students in the experimental and control group on concepts of friction.

Research Questions
The following questions guide the study
 1.what are students’ performance in the concepts of friction
2 What are the difficulties faced by students in experiment involving Friction (Atwood Machine and Sliding Block)
3. what are students’ performance in problem solving on the concepts of friction
 4. How does the creativity levels of students in friction, differ. 
Research Hypotheses
The following null hypotheses were stated and tested at 0.05 significant level
1. there is no significant difference between students   performance in problem solving on friction, given their groups.
2 The creativity levels of students in the experimental group and those of the control group is not significant on the concepts of friction

Problem of the study
Mathematical demands for science students are imperative for   high level of cognition of physical concepts required for creativity and knowledge in Physics. The chief examiners report on physics 2 essay (2022) stated that candidates weaknesses include poor problem-solving skills involving mathematics such as inability to obtain gradient, lack of knowledge sufficiently on trigonometry and vector relations. Teachers should therefore teach quantitative aspects of physics in order to reduce the errors students make and advance their math knowledge requisite. Students with high math understanding do severally make attempt to relate physical phenomena with ease which is a necessity to creativity and invention. In order to achieve   mathematics   requisite knowledge, teachers should expose students to high problem solving engagement as related to the concepts of friction in mechanics .The experiences gleaned from student’s classroom behavior is Lukewarm in the demand for math related open questions. Students interest can be improved using experimentation and problem-solving skills in numerical problems in Physics.
Population of the study 
162 physics students in sss2 in two secondary schools in Obio Akpor local government area form the population of the study .The schools are positively comparable in terms of quality of teachers and have exposed students for external examination on mathematics and physics such as WASSCE and NECO, in Nigeria.
Sample and sampling techniques
A sample of 25 students were purposively selected based on their performances on the pretest Elementary Mathematics Physics Test This means that the experimental group designed for probing students’ creativity and problem-solving process involved only 25 candidates based on this criterion.
Reliability and validation of instrument
The EMPT,PSAF and PCMKF instruments were validated by experts in Physics, University of Port Harcourt, NIGERIA while the reliability coefficients of 0.82,0.72,and 0.84 respectively were obtained using test-retest method. These values were consistent and acceptable for the study, twenty students in the population was used. The data was analyzed using  Pearson Product Moment Correlation Coefficient formula , to determine the value for r.

Methodology
To probe students creativity and mathematical knowledge requisite on concepts of friction using the sliding block and Atwoods machine model (1982) the researcher selected 40 students in sss2 in the research area who were exposed to a pre-selection test on elementary Physics-Mathematics concepts in order to select 25 students randomly  in to a two non-equivalent experimental and control groups .constructs of creativity measured are students Problem solving Ability on Friction( PSAF), Fluency(F), Originality(o), and use of Open questions (high levels of cognitive reasoning), as design parameters in construction of the instrument  Physics Creativity and  Mathematics knowledge on Friction  PCMKF as shown in Table 1a
Table 1a Blue print on creativity AND PROBLEM SOLVING ABILITY
	Sn
	
	N,PSAF
	F
	O
	HLC

	1
	
	15,1,2,3,4,5,18,20,
	6,8,9,10,19
	7,11,12,16
	13,14,15,17

	2
	
	10,
	
	
	

	Total
	
	25
	
	
	




The students were exposed to a pretest on elementary Physics and Mathematics concepts only 25 of the student’s population were selected based on their performance, for the creativity and problem solving cum experimental test. Results of their performances on PSAF,F and O,HLC will be used to answer the research questions and test of hypotheses.

Results and Discussion
Research question I
What are students’ performance on the concepts of friction?
Table:1b  Shows the students Performance on the concepts of friction




	Group
	Laws of friction
	Resolution of forces
	Math problem solving
	Friction
	mean
	

	Expe N=15
	350
	250
	275
	400
	85
	13.5

	Control     260        190            150                115        71.50
N=10


The experimental group had mean score of 85while the control group had 71.50. the mean difference of both groups was 13.50 those selected into the experimental group had greater scores than those in the control group on elementary questions on the concept of friction, as shown in Table1b

Research question 2
What are the difficulties faced by students in experiments involving friction (Atwood machine and sliding block)
Table 2 difficulties in experimenting friction
	Group
	Concept
	Difficulties

	Experimental N=15
	1.frictionless expt.
2Atwood pulley machine
3Estimation of coefficient of static frictionUs andUk
4Precaution
5 units
	 Measuring, acceleration for smooth and rough surfaces, accurate determination of slope inability to use ratio and Pythagoras theorem, trigonometry to obtain q, Us Uk, mass drop at random. differentiating between dynamic and static friction, friction
surfaces and examples
Atwood machine
Determination of equilibrium, frictionless pulley use of spring balance ,disagree on units and length of pulley





Research question 3. What are the students  performance on problem solving in friction concepts

Table 3 Students performance in problem solving on friction concepts.
	Sn
	Group
	Concept
	Mean score
	Mean score diff.

	1




2                    


	Experimental
N=15



Control

	-connect object on pulley
Laws of friction
Frictionless plane det of coeff.Us and Uk limiting friction    
        



	4.33




3.0
	1.33



Table 3 revealed that the mean score of the experimental group was 4.33 while that of the control group is 3.00. The mean difference is 1.33 students were faced with problems involving laws of friction, connecting objects, frictionless plane and determination of balancing weights. The mean score of 4.33 shows low problem solving ability for the experimental group and much lower on the control.
Test of Hypotheses

Ho1 there is no significant difference between the experimental group and the control group students’ performance on problem solving on concepts of friction


Table4 Students performance in problem solving on concepts of friction
	Group
	N
	X
	sum sqr
	Mean x
	Ss
	T
	df
	T crit
	Decision

	Experimental
	15
	70.02
	950
	11.67
	132
	0.45
	23
	1.71
	Reject HO

	control
	10 
	64.92
	675
	10.83
	283
	
	
	
	




At 0.05 significant level and degree of freedom df(23), the  calculated value is less than the t critical value hence the null hypothesis is retained. There is no significant difference between the performance of students in the experimental group and those in the control group. The mean score of the experimental group is greater than those of the control group.


Ho2 The creativity level of students in the experimental group  is significant in the concepts of friction in terms of problem solving, fluency, originality,  and high level of cognition.
Table5:Students creativity in the concepts of friction.
	Source of variance
	Ss
	Df
	Ms
	F-ratio

	Between
	81659
	3
	14616.57
	10.02

	 Within 
	43849.72
	56
	1458.19
	



Table 5 shows that the f ratio calculated value is 10.02 while the critical value is 3.15 since the critical value is less than the calculated value, the null hypothesis is rejected. There is a significant creativity level amongst the students in the experimental group when assessed in terms of problem-solving ability, fluency, originality,  and level of cognition of concepts of friction. 
 The findings of the study are :
(I)Students performance on the concepts of friction differs. those in the experimental group had higher scores than those in the control group.
(ii)students faced difficulties on experiments involving the use of Atwood machine and sliding block which include measuring acceleration, accuracy of Us and Uk, determination of direction of motion on the frictionless pulley, what caused acceleration on the frictionless pulley. 
iii) At 0.05 significance level and df 23 there is no significant performance difference between students in the experimental group and those in the control group on the concepts of friction
iv)At 0.05 significance level and df(3,56)  there is a significant creativity level of students evaluated in terms of problem solving, fluency, originality and level of cognition  of concepts on friction
Recommendations
Students should be taught the concepts of friction using the sliding block and Atwood machine model to improve their performance.
The creativity assessment of students on friction will immensely improve when taught using the experimental methods of the sliding block and Atwood Machine model.  They should be taught the mathematics related concepts of friction such as trigonometry, vector algebra, transposition and arithmetic processes in order to improve their entry behavior on concepts of friction.
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