Scaffolding Intervention in Learning Statistics in Hospitality college Students: The Longitudinal Design

Abstract

  The influence of Scaffolding teaching support on Statistics learning in Hospitality management department was examined using latent growth model.  The class qusi-experiment was conducted to determine whether using Scaffolding teaching strategy enhanced student understanding of statistics concepts for students enrolled in an introductory course.  One hundred and ninety-four sophomores in hospitality management department were invited as participants in this two-year longitudinal study.  Students received Scaffolding intervention in experimental group and traditional teaching method in control group.  All those students in two groups took five tests.  In particular, learning effectiveness difference was found in two groups.  The pretest scores were found to do something with the improvement rate.  Based on a theoretical framework of how students learn statistics, the preliminary results of this study indicated some evidence that these methods may improve student understanding of statistics concepts.  Implications and further research are discussed.  
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1. Introduction


   Much attention has been focused on the ability of student employment and competency to meet with the relatively simple requirements of hospitality management.  Some researchers found that hospitality students had done badly in mathematics, statistics and science and many students considered those courses which are irrelevant to the needs of hospitality industry (Robert, 1980).  Statistics education historically has been regarded by many students as hard and unpleasant to learn and can be viewed as a new and emerging discipline, when compared to the other area of study and inquiry.  Many teachers or instructors also felt frustrated and unrewarded to teach.  The research of statistics education even can seem to be an invisible, fragmented discipline.  
The teaching and learning of statistics has impacted the curriculum in hospitality education.  Many university students majoring in the hospitality management find the required statistics course to be blunt as well as difficult.  Because of this reason, there is also a considerable interest in how to teach statistics.  For statistics concepts that tend to be very difficult, many researchers have recommended using lots of different teaching strategies, including computer simulation methods and others, but there have been very few empirically and theoretically based studies related to student achievement using these methods.  There were few studies focused on teaching and learning statistics in hospitality eduction.  
Nevertheless, problem-solving is one of the extremely important competencies in the context of hospitality industry.  Moore (2009) indicated, “Statistics has some claim to being a fundamental method of inquiry, a general way of thinking that is more important than any of the specific techniques that make up the discipline” (p.134).  A numbers of researches demonstrated the statistical literacy, reasoning and thinking help students to build the ability.  Because of students’ lack of statistical background, many of them regarded statistics as useless and bored subject, as a consequence, they got lots of information and transport it with the wrong way while they were in the industry.  A recurrent complain within industry is that schools need to make students aware of the uses of numbers and information in management in situations when no alternatives exist.  For instances, the ability of presenting reports and analyse the market make it essential for the hospitality manager to related to the professionalism.

Since teaching statistics in hospitality management required some different approaches from both teachers and students from other components, this posed particular problems if the teacher has not studied statistics, or if the teacher is not the hospitality and statistics subject specialist.  Even the teachers are the hospitality management specialists and familiar with statistics, they are always faced with many challenges in instructing students in learning statistics.  For example, it is hard to motived student to learn complex, counterintuitive and difficult statistical concepts.  Many students in hospitality major have no the underlying mathematics which interferes with learning related statistical content.  The majority of students rely on their experiences and intuitions to provide their answers, rather than apply the statistical procedure.  The worst challenge is students always equate statistics with mathematics.  
To deal with those challenges, many researches introduced different teaching strategies for the statistics education.  Teaching is an essential part of the statistics instructors, but most of them receive little training for teaching in general.  For the past decades, researchers and educations have put lots of effort in the research for seeking more effective ways of teaching and learning statistics.  Scaffolding represents one of the better models of teaching among those strategies.  
2. Problem statement
The purpose of the study was to investigate the statistics learning effectiveness by using Scaffolding teaching strategy which included motivating students’ logical reasoning ability, statistical thinking, and the attitudes toward statistical literacy during the required course-statistics for sophomore students in Taiwan.  A quasi-experimental research design was used to investigate the changes in students’ statistics learning effectiveness.  The research questions of this study were shown as the followings.  (1) Are there differences of learning effectiveness between Scaffolding teaching and traditional teaching for Statistics course in university? (2)How will the differences of students’ through the statistical Scaffolding instruction?

3. Literature review 

Wood, Bruner and Ross (1976) defined Scaffolding as an “adult controlling those elements of the task that are essentially beyond the learner’s capacity, thus permitting him to concentrate upon and complete only those elements that are within his range of competence.”  Scaffolding is a Vygotsky’s (1962) social development theory, which emphasizes on social interaction and the assistance provided to a learner in their zone of proximal development.  Duffy and Cunningham (1996) discussed that the metaphor of scaffolding is “unfortunate” as it focuses on the teacher-centered approach of assisting learners to a definitive end, while it should be a “learner-centered strategy whose success is dependent on the adaptability to the learner’s needs”.
The scaffolds have been designed to successfully model while maintaining an appropriate level of difficulty and reducing unnecessary frustration. They are portals to the different parts of knowledge learners must know to solve the problem rather than being based on difficulty.  The key features of Scaffolding are intersubjectivity and a shared understanding of the activity.  Teachers provide appropriate support based on an ongoing diagnosis of the learner’s current level of understanding.  The dialogic and interactive nature of scaffolded instruction is used to attain on going assessment and adaptation of support (Reid, 1998; Stone; Palincsar, 1998).  The scaffolds for learning environment are: situated movies, screen-capture videos, conversational agents, and collaboration zones (Rogoff, 1990; Tharp & Gallimore, 1988). 
Lots of researches indicated that many college students are anxious about taking Statistics course, although the knowledge of Statistics is essential to critical thinking and doing research (Benson, 1989; Wilson, 1997).  Garfield and Ben-Zvi (2007) reviewed the research related to teaching and learning statistics and viewed statistics education as a new and emerging discipline and an invisible and fragmented discipline.  It was thought of as in diverse disciplines, such as mathematics education, psychology, or in science education.  There were lots of papers published in new designated scientific journals and conferences which are related to teaching and learning Statistics since 2002.  They are the Statistics Education Research Journal, the international conference on the teaching Statistics and the international Statistical institute (Garfield and Ben-Zvi, 2007).  The topics of recent research on teaching and learning Statistics are focused on the errors and misconceptions in reasoning about Statistics and probability and how students understand Statistics and Probability (Fast, 1997; O’Connell, 1999; Hirsch & O’Donnell, 2001; Garfield, 2003; Batanero & Sanchez, 2005; Tarr & Laninin, 2005; Tempelaar, Gijselaers, & van der Loeff, 2006). Unfortunately, since Robert (1980) pointed the essential role of Statistics in Hospitality program and culinary school, there has been little research on how to help students in Hospitality Program to deal with the anxiety that it is related to student achievement and how to teach Statistics.   Even though Statistics has identified to be valuable to students in Hospitality program, few studies or research were conducted for many reasons.  The major reason is most of the Statistics teachers in Hospitality program are not the teachers in the departments.  They are usually from the other departments or area.

4. Methodology 
The Control and experimental Groups Design was used in the study showed as Figure 1.  It included an experimental group and an comparison groups.  The experimental group contained 100 sophomores of hotel and restaurant management in vocational university.  In the statistics courses, they were taught with a Scaffolding instruction for the whole year, which involved reinforcement, interaction, inspiration, exercising, simulation, the operating and applications of some computer software such as: Excel and SPSS (Statistics Package of Social Science) etc.  The control group contained sophomores of same department and university except for different entrance time. The classes of this group were instructed with a traditional statistics teaching instruction, which involved regular calculation, remembering, and others.  The students of this group didn’t have received any computer courses or simulation in the classes.
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Figure 1.  The Research Design.
Design and Procedures
The experiment consisted between-subject design with two groups and four treatments.  The between-subjects design ensured that the two groups are comparable with respect to their individual differences except the treatment.  The four treatments varied the teaching strategies. Control group has been manipulated by traditional teaching method, and experimental group was using the Scaffolding teaching strategies.  The basic design of the experiment to be conducted is as following;

(1) The entire sample of subjects was the sophomores of hotel and restaurant management who took the statistics course.  The subjects of control group were the students who took the statistic course during the first year of this study.  The subjects of experimental group were the students who took the course in the second year of this study.

(2) All the subjects received only one teaching method and were asked to take five examinations.  The first test was to assess the ability which might confound this experiment.  The following four tests were conducted to understand the development of the statistics learning procedure.  

(3) In order to rule out the contemporary history effect, the two groups were identical in all respects except for the different year for enrolling the university.

(4) Subjects in control group received the traditional teaching method and in experiment group received the Scaffolding teaching method.  Both groups were give five tests to examine the statistics learning effectiveness.
(5) Operationalization and measurement of dependent and the independent variable is as followed.  

The dependent variable is the statistics learning effectiveness.  To operationalize and measure it, this study designed five different tests according the statistics learning contents and topics.  This study constructed the details by organizing a Statistics professional group and to examine the validity and reliability of those tests to make sure all the tests are identical.  There should be sufficient ambiguity in the details such that no clear definition of great learning effectiveness.  This study conducted the pretest to make sure that the assessments are approximate for the subjects.  In addition, the outliers of subjects were ruled out from the samples.  The subjects took the tests are same with the tests they took as usual.  


   The independent variable is the presence or absence of the Scaffolding teaching method.  The Scaffolding teaching strategies or module is a very difficult variable to operationalize, since there is no standard, universally accepted definition and there is no instrument which can capture all the Scaffolding concept of Statistics.  It is also possible that the variation in the different manipulations and may not be appropriate for all subjects.  One pretest and four posttests were administered to both the control and experimental groups over the one year period of Statistics classes.
194 Students from two college sophomore Statistics classes were conveniently sampled. Before deciding whether to take an experimental or quasi-experimental design, a pretest was administered to all the subjects to find out if there was significant difference in reading proficiency between the two classes. The samples of the study were selected from University.  
Statistical Methods

The statistical methods of structural equation modeling.  Latent growth modeling were used for testing the research hypotheses.  Data analysis was performed using the SPSS and AMOS package.   An independent-samples t-test was performed to compare the pretest (Time 1) means of the experimental and control groups.  A significance level of 0.05 was used to evaluate all hypotheses.   Latent growth modeling (LGM) was further used to model development change of Statistics learning effectiveness among one year period.  Duncan, Duncan and Strycker (2006) asserted that LGM is a potentially valuable methodology that many researchers will bolster successfully in identifying important predictors and correlates of change.  It is able to test both linear and nonlinear growth functions and to decide which dependent variables affect the rate of development.  
5. Results 
After 5 rounds data collection, all the data was examined the outliers and normality to do the further tests.  The result was shown in Table I.  All modulus of Skewness are less than two and Kurtosis is less than eight.  These mean all the data meet the statistical hypothesis of single variable normality.  In addition, the modulus of critical ratio (c.r.) are less than 10 fits the multiple normality model (Kline, 2010).  An independent-samples t-test was performed to compare the pretest means of the two groups. The results showed no statistically significant difference between the two classes’ Statistics proficiency (t = 2.28; p = .420).  It was thus decided that the research was to take the quasi-experimental design, and the class in the first year was the control group receiving traditional Statistics teaching approaches, and the class in the second year was the experimental group receiving Scaffolding intervention treatment.
Table 1 Test of the outliers and normality

	Variable
	min
	max
	skewness
	c.r.
	kurtosis
	c.r.

	test1
	31.00
	86.00
	.4110
	1.6525
	-.5571
	-1.1200

	test2
	38.00
	88.00
	.5410
	2.1752
	.4871
	.9792

	test3
	33.00
	99.00
	-.4888
	-1.9655
	-.4307
	-.8658

	test4
	53.00
	91.00
	-.2510
	-1.0093
	.0914
	.1838

	test5
	44.00
	100.00
	-.7018
	-2.8216
	1.9151
	3.8501

	Multivariate 
	
	
	
	
	4.6228
	2.7209




   This study is quite robust as per the definition of statistical conclusion validity by Cook & Campbell (1979).  There is sufficient variation in the dependent variance and is captured by the cases.  It ensured this by construction and by the pretest of the instrument.  The experiment captures the variation in the dependent variable with the corresponding change in the independent variable.  As per Cook & Campbell (1979), internal validity is most important type of validity in an experimental setting.  This study was constructed to permit a reasonable claim that it is the change in the level of the independent variable which has caused the change in the dependent variable.  In other words, there is a causal relationship between the independent and the dependent variables.  The cases are designed to be very similar, the only difference being the level of the deductible.  The between-subject design controls for the individual differences and the randomization controls for the order effect.  There are two constructs which have been operationalized in this study.  Scaffolding teaching strategy is the independent variable and was measured as the level of the deductible.  The dependent variable is the change in the tests taken by the subjects.  There is no acceptable definition of Scaffolding Statistics in the literature and many different assessments can be employed to measure the learning effectiveness.  

The availability of a limited number of subjects raises the issue of generalizatbility of this study for external validity.  More subjects from other universities will have to be included with testing done on more levels of colleges.  This is a between-subject laboratory experiment.  The two groups can be considered equivalent since all individual differences had been controlled for by ruling out the confounding variables.  The differences in the responses of the subjects can be reasonably attributed to the differences in the independent variable.  Therefore, internal validity is very strong. 
Figure 2 presents the trend in the mean value of Statistics learning effectiveness from Time 1 to Time 5.  In the experimental group, the mean value of Statistics learning effectiveness increased from 56.01 in time 1 to 77.78 over one year of observation.  However, for the students in control group, the mean value of Statistics learning effectiveness varied irregularly from 40.00 in time 1 to 63.83.  LGM was further used to model development change of Statistics learning effectiveness among one year period.  
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 Figure 2  Trend in mean value of Statistics learning effectiveness
The results of LGM described a single individual’s developmental learning effectiveness and capture important group statistics parameters in a way that allows the research to understand the learning development at the group level.  A series of LGM models were examined to determine viability of the cure of factors.  Table 2 presents the estimating parameters for LGM.  In sum, all the parameters are significant under the significant confidence level of 0.001.  In the periods of Scaffolding teaching, students got significant improvement on Statistics learning effectiveness.  After the last manipulation, students in experimental group continued to increase rather than students’ learning effectiveness decreased in control group.  
Table 2   The results of the estimating parameters
	Symbols
	
	statistic
	sig

	Intercept and Slop
	
	

	IMean
	Mean Score of the Pretest
	56.14
	***

	Smean
	Average growth of five tests
	6.43
	***

	Variance and Covariance
	
	

	Ivar
	Average score difference of pretest 
	136.42
	***

	Svar
	Average growth differences of five tests
	3.83
	.0013**

	IScov
	Pretest score impacted growth
	-19.60
	***

	Level 1 Variance of measure error
	
	

	E1
	Measurement error of pretest
	24.14
	.0137

	E2
	Measurement error of test 1
	111.06
	***

	E3
	Measurement error of test 2
	155.65
	***

	E4
	Measurement error of test 3
	-0.12
	.9562

	E5
	Measurement error of test 4
	58.60
	***


The results indicated that students’ mean score of pretest (Time1) is 56.14 in experimental group and the average improvement score is about 6.43.  Over the year, 68% of the students got the scores between 44.47 and 67.81 and the improvement score is between 4.47 to 8.83.  Regarding to the results of the variance and covariance, the score of pretest (Time 1) was found to significantly do something with the improvement rate.  The covariance of pretest score impacted growth is -19.60.  It means the lower score students got in the pretest, the faster improvement they did over the one year Statistics learning.  

In addition, this study examined the difference of Statistics learning effectiveness between both experimental and control group by using managing model in Structural Equation Modeling.  Under comparison the nested models, the hypothesis of all variances are equal is wrong (df=5; CMIN=289.04; P=.000<.001).  In other words, there is significant difference of Statistics learning effectiveness between Scaffolding teaching and traditional teaching of Statistics learning in Hospitality Program. 
6. Discussion 
While both experimental and control groups made significant gains in Statistics learning effectiveness during the one-year course, the experimental group had significantly higher learning effectiveness scores than the control group.  Furthermore, the LGM showed Scaffolding teaching strategy helps students to get favorable reactions of Statistics learning for the students in Hospitality Program.  The students perceived Scaffolding learning in Statistics as an active way to learn.  Under the Scaffolding, they regarded learning statistics is a practical subject, and felt encouraged, respected, and motivated in the learning process. 

This study makes some key contributions to the existing literature of learning Statistics for the students in Hospitality Program.  First, this study examined the Statistics learning effectiveness of Scaffolding learning upon the group receiving the strategy.  Most important, it collected the longitudinal data rather than collected just one time survey or test.  Longitudinal study can provide valuable information about trends and individual differences in aspects of change over time   Second, this study took advantage of the LGM to analyze and understood the individual differences of students in change which are often of scientific and practical interest (Preacher, et.al; 2008).  Third, this study clarified the different types of learning effectiveness and learning styles during the two-year experiment.  While many studies conducted the effectiveness of learning on Taiwanese hospitality management classes, these findings suggest the future research directions, including the relationship of cooperative learning, student characteristics, past achievement levels, learning styles and others.  Finally, this study also developed the Scaffolding Module of teaching Statistics for the students in Hospitality program.  The results did show it is better teaching strategy than the traditional one.  

There are number of pedagogic research results which are essential for statistics teachers to stay informed about new findings.   However, it is sometimes difficult to effectively apply them into the classroom.   For example, Daniels (2007) thought that the essence of the scaffolding metaphor may be compromised while it is applied broadly to any and all pedagogical practices.  Some researchers questioned that scaffolding is better for one on one instructional activity rather than being used in a big class.  On the other hand, this study did demonstrate the significant differences between Scaffolding and traditional teaching in Statistics.  Hence, an essential component of applying research in the classroom is to change little by little.  Furthermore, it is easier to assess the impact of minor changes.  Then, the further studies should pay more attention on the method of translating the notion of scaffolding to classroom learning, challenges for implementing scaffolding in classrooms environments, the key elements of applying Scaffolding to teach Statistics in the class. 
In summary, Statistics is core courses in Hospitality program and has been demonstrated valuable for decision making and critical thing.  Scaffolding teaching strategy did help students in Hospitality Program to increase the learning effectiveness. Classroom situations usually involved many students do not allow for the fine-tuned, personalized exchange and other diverse issues.  Therefore, it’s important to stay broadly informed, make minor changes little by little, and create an effective support by teachers and peers.  Even not many teachers in Hospitality program teach Statistics, researchers in this area should pay much attention to Statistics education.  It has been demonstrated to be useful to critical thinking and might increase the creativity. 
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