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Education literature suggests that Microcomputer Based Laboratories (MBL) may 

indirectly enhance student physics achievement by offering several pedagogical 

and psychological advantages. Using data gathered from the Newfoundland 

Department of Education and a survey of 84 physics teachers, this exploratory 

research investigated the direct relationship between Microcomputer Based 

Laboratory use and high school physics achievement. The multiple regression 

analysis. which included control student factors (pre-treatment physics ability), 

ciassroom factors (teacher certification level, teacher years experience, teacher 

acadernic background. teacher microcomputer experience. extent of iaboratory 

use, extent of instructional computer use) and school factors (school location, 

total school enrollment). indicated that at the present level of use, no significant 

reiationship exists between Microcomputer Based Laboratory use and 

school-based or public exam achievement. The cause of this result was unclear. 

However. the survey data set revealed that only 55.3% of teachers were MBL 

users. This iow level of use may account for the research results. Further 

multiple regression analysis of MBL use with classroom. school and teacher 

variables indicated that teacher-related factors (certification level. academic 

background. microcomputer experience. current instructional computer use. and 

current laboratory tirne) are significant predictors of MBL use. 
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INTRODUCTION 

The hallmark of any successful education system is provident, substantial and 

progressive change responsive to a varying social, economic, and moral 

environment. Significant change. however, is usualiy begun as a result of 

perceived inadequacies and unsatisfactory products. Recently. in Newfoundland 

and Labrador, the education system has been harshly criticized as uneconornical 

and unsuccessful. Low Canadian Test of Basic Skills (CTBS) scores and poor 

post-secondary results in science and mathematics (Crocker, 1989) combined 

with decreasing enrolments yet increasing cost (Williams. 1992) have demanded 

response. The govemment commissioned two comprehensive public inquiries, 

the Williams Report (Our Children. Our Future. 1992), and the Crocker Report 

(Towards an Achieving Society. 1989). These studies have provided the 

impetus and guiding philosophy behind Newfoundland and Labrador's ongoing 

education restructuring. 



The Crocker Task Force on Mathematiw and Science Education began in March 

of 1988 to investigate declining enrolment and poor achievement in 

post-secondary Mathematics and pnysical sciences. A major area of concem 

expressed in the report was the present science curriculum and the process of 

curriculum change. Crocker (1 989) first pointed out that Newfoundland's science 

curricula were not very different from those of other Canadian Provinces. The 

courses covered a wide variety of topics within a discipline, however, they lacked 

any depth of treatment. Crocker (1989) concluded that rapid curricula re fon  

was necessary to meet broader goals such as science literacy, science for 

citizenship. and science for critical thinking skills. He suggested a change in 

content so that science curricula ccver fewer topics, while increasing their depth 

of treatment. The revised curricula should be Intended-learner-Outcorne (ILO) 

driven. re-emphasize the laboratory component. and increase students' 

understanding of the relationship between science technolcgy and society (STS). 

Crocker summarized: 

"Overail, it is ciear that a major thrust in mathematics and science curriculum 
development is required. In science. in particular, nothing short of starting at the 
beginning and completeiy re working the pfogram throughout the system wi/l 
suffice. " (Crocker, 1989, p. 192) 

More recently , Williams (1 992) was particularly criticai of Newfoundland's 

curriculum and the procedure by which it is reformed. The report indicated that. 



in an effort to combat dropdut rates, curricula had becorne less rigorous 

academically. It echoed Crocker by recognizing that. while al1 subject areas are 

important, a re-emphasis was required in Language. Mathematics and Science. 

More condernning. however, were William's observations of the methods of 

curricuium change and the quality of the outcome. Rather than being a 

progressive process, he described Newfoundland curriculum reform as 

reactionary , and dominated by the Department of Education. The "prescribedn 

curricula, he stated. did not meet local needs as identified by practicing teachers. 

"In essence, the difficulty for many teachers is that they must accept the vision, 
content, and strategies of an established currkulum with too litile opportunity for 
either penonai ccntfibution or local variation. " (Williams 7992, p. 300) 

Williams concluded by recommending that al1 parties. Department of Education. 

school boards. and local schools. share responsibility in a renewed curriculum 

development process. one designed to change the role of the Department of 

Education from dictator to facilitator. This de-centralizing would allow al1 

stakeholders to have input into curriculum design, each guiding the process, and 

ultimately being responsible for Newfoundland's school curriculum. 

Reacting to these reports. the Department of Education has undertaken several 

initiatives to improve science curriculum refom and the quality of the result. 



Curriculum Innovations 

Several initiatives taken in developing the Physics 221 41321 4 courses have 

tremendous potential. Most notably. the creation of the curriculum utilized much 

more consultation with practicing teachers and local specialists during every step 

of the curriculum deveiopment than in the past. The unprecedented level of 

involvement by local. experienced, knowledgeable people affected many aspects 

of the new courses. from method of organization to course materials. 

Resulting from this bottom-up approach. the curricula started from a compilation 

of specific educationai outcomes and then corresponding materials and methods 

were selected to accomplish these. Physics teachers were instrumental in 

producing the list of outcomes and selectjng prospective materials. Furthemore. 

several teachers produced and authored al1 materials for the elective units. 

Rather than the usual piloting, which mainly consisted of minor debugging, the 

extensive two-year process was considered a chance to further develop the 

curriculum by receiving more input from physics teachers. Several teachers 

were given four potential texts, asked to use one. and then asked to evaluate it 

and the course. From these evaluations. and advice from several science 

education consultants. the Physicç 221413214 curriculum established the first 

secondary science course to offer multiple texts. When the Department of 



This new attempt at curriculum deveiopment 

(see figure 1.1 ) and the resulting innovations 

utilized in Physics 221 4/32? 4 have produced 

a feeling of anticipation in the Flewfoundland 

Department of Education. school boards, and 

teachers. The change in both method and 

outcome have produced a curriculum which 

might be expected to improve physics 

achievement. These arguments. however, 
Fi! 

Physics 221j13214 
Curriculum 

Innovation in Curricuium 
pure 1.1 : 

Development of Physics 
may be over-simplified and not always be 2214/3214 

founded on established learning theory For example. the use of MBL requires 

equipment that at first appears difficult to setup and operate. and is expensive. 

The time and school finances invested. however, may be worth the assumed 

educational gains. MBL equipment has the potential to replace many traditional 

pieces of physics equipment such as an oscilloscope. voltmeter. ammeter. 

barorneter. and so on. Comparing the total cost of this equipment with MBL 

hardware, it is clear that the equipment required for MBL is a bargain. Moreover. 

learning to use one set of MBL equipment is thought to be easier than learning 

the numerous operating procedures associated with typical laboratory 

equipment. Students and teachers. their first time using MBL. may spend more 

time learning its operation. however. this same method can then be applied to 



dozens of different instrumentation in other lab activities. If traditional 

instrumentation were used. each operating instruction for each piece would have 

to be leamed before any experirnentation could take place. In sumrnary: MBL is 

cheaper, allows for student control and flexibility, and ensures more time is spent 

experimenting instead of leaming how to use various equipment. 

Although this saunds reasonable, utilizing MBL requires operation of both 

hardware and software. Wiring and calibrating interfaces, setting necessary 

parameters on the computer software (use of the computer may be daunting in 

itself), and then leaming the correct operation may be toc much for an average 

student to master. Numerous laboratory activities rnay be required before 

students have a level of comfort at which they can explore their curiosities or 

complete an experiment without setup assistance. Cost comparisons between 

interface technology and "traditional" equipment may be misleading. 

"Traditional" equipment consists of stand alone instruments. while MBL require a 

complete computer system. Since MBL is a new technology, it is unlikely that 

many Newfoundland schools would have the necessary computer resources 

within their physicç labo ratory . These laboratories. howev~r.  would already 

contain some, if not all. the necessary equipment. This would substantially alter 

any cost comparisons. Certainly, the advantages of MBL are more complicated 

than it appears. We. as educators, may endorse MBL as a innovative and 



progressive step forward; however, the advantages of using MBL must be well 

researched and then evaluated. 

Similar arguments can be established for the other unique attributes of the 

P hysics 221 41321 4 curriculum. Outcorne oriented curriculum. bottom up 

curriculum design, local authors and materials, curriculum Rexibility . teacher 

control, and the incorporation of MBL al1 have tremendous potential. As with 

MBL, we must critically examine the education literature for each, and carefully 

evaluate the outcomes. 



Oefining The Research Problem 

It is widely stated that we are in the Information age. Data processing and 

telecommunication have now become a more important commercial activities 

than the once dominant manufacturing industry. Business. government, and the 

general public have all witnessed the overwhelming data manipulation power of 

the computer. Consequently. the assumption is often made that data processing 

advantages of computer use are transferable to the classroom and would result 

in simiiar product improvement, in other words. a better educated student. In 

fac:. the general public in the past twenty years has been inundated by computer 

tecnnology and are the beneficiaries of its abilities. Based on recent curriculum 

reform. the Newfoundland Department of Education appears eager to improve 

our schools (particularly science education) by utilizing the computer as a 

teaching resource. School boards. administrators. and teachers have responded 

by creating a need for technology in the classroom. This need is often based on 

personal experiences using technology. education literature and societal 

expectations of education progress, and not on clear evidence of the value of 

computer technology for learning . Des pite these uncertain underpinnings. based 

on its public and professianal popularity. governments have acted to integrate 

the microcornputer into curricula. 



In Newfoundland and Labrador. the classroom integration of modem computer 

technology has been slow. Schools, in the late 1970's. lacked expertise and 

funding, and had very little assistance or directives from the Department of 

Education. Consequently. cornputer use was isoiated and uncoordinated. 

Computers were predominantly used as administrative aids, with little 

consideration given to their potential in the classroom. In an education system 

with many needs, the computer was costly and. at best. unproven as a learning 

aid. In the early 1980's. however, coinciding with the birth of the microcornputer. 

its dramatic evolution, society's widespread computer use, and a growing body of 

education research on computer use, the Newfoundland Department of 

Education began tentatively planning the microcomputef s curriculum debut. 

This effort resulted in the first curricular use of the computer: a programrning 

course first implemented in the 1982-83 school year. called Computer Science 

2206. From this humble beginning, the Newfoundland Department of 

Education's interest in and employment of computer technology in schools has 

flourished. More recently, the Newfoundland Department of Education has not 

only encouraged cornputer integration into the curriculum of all subject areas, al1 

grade levels (including special services), it has also advocated computer 

technology as an innovation of the future. For example: government. both 

federal and provincial. began funding Stem-Net (a computer network connecting 

teachen and students to numerous wortdwide networks) and Distance Education 



(using the computer and telecommunications to offer a wider curriculum to 

remote areas). Cornputer emphasis in curriculum developrnent has also 

changed focus. from an appendix added to developed curriculum to an integral 

component of student concept development. One of the best. and most recent, 

examples of this approach is the new Physics 2214 and 3214 curricula. where 

MBL is considered an important component. 

Microcomputer based laboratory activities originate within, and arguably 

enhance, the practical component of instruction. It has been established that 

increased hands-on science or practical laboratory work improves science 

achievernent (Freedman. 1997: Stohr-Hunt, 1996). If MBL enhances the 

practical component, its use should maximize the beneficial effects of hands-on 

science, therefore. improve achievernent. The curriculum can be taught without 

MBL. however this teaching resource is on the cutting edge of science instruction 

and should improve classroom work. 

Using this type of logic, the Newfoundland Department of Education began 

promoting MBL and inservicing teachers in its use in 1990. As part of thls 

promotion, Physics 221 4/32M institutes were given (dernonstrating MBL to al1 

h~gh school physics teachers) and each schooi board in the province was 

supplied with a comptete package of MBL materials (that is: hardware such as 



probes. interface. etc.. and software). This effort, followed by introduction of the 

Cornputer Technology 3200 curriculum (participating schools were given a $5000 

hardware grant for MBL equipment) became the catalysts for MBL proliferation in 

Newfoundland. Today al1 high schoois in Newfoundland and Labrador have at 

least one complete Vernier system (a particular MBL systern). Although a 

sizeable amount of time and money has already been spent to introduce and 

supply these schoois with the necessary MBL apparatus, more financial 

resources are required and many questions remain. This thesis will attempt to 

cietennine if student MBL use has any significant affect on physics achievement. 

Unfortunately in this study both variables student physics achievement and MBL 

use. are difficult to measure in a valid reliable way and are infiuenced by many 

other school teacher and student factors which also must be considered. A 

teachef s education level or age, a school's student population or geographic 

location. and so on, are al1 variables that may interfere with any relationship 

between MBL use and physics achievement. For example; the data may 

indicate that students who are MBL users have higher physics achievement, 

however. these students may have a teacher who has attained a 6%. (major in 

physics) and this fact alone may cause the enhanced physics achievement. To 

understand whether MBL use will have an effect on achievement. this research 

will control for as many of the factors as possible. 



To further develop the analysis between MBL use and physics achievement this 

research wiil attempt to detemine what conditions are conducive to M M  use. If 

MBL users are more likely to have higher achievement in physics, delineating 

environmental conditions may assist other school systems to utilize computer 

interfacing. If on the other hand, no significant relationship exists between MBL 

use and physics achievement, a very probable explanation may be a low level of 

actual MBL use. If students are not exposed to a potentially powerful learning 

aid then it is equally important to determine the conditions that encourage MBL 

use. For example, if teachers, who are physics majors or avid computer users 

are more inclined to utilize MBL then this may affect future hiring practices. Any 

conclusion about the effectiveness of MBL will. therefore. be accompanied by 

results from analysis of MBL use as a dependent variable. 

In surnrnary, therefore. the research attempts to answer the following questions: 

1. Does MBL use have an affect on student physics achievement? 

2. What environmental conditions encourage MBL use? 



Defining MBL Use 

For this study. microcornputer based laboratory activity is defined as: 

1 . Student hands-on activity with both computer hardware and laboratory 

equipment. 

2. The computer, using interfaces, measures various (at least one) physical 

parameter of a real-time event. 

3. The measurements taken are stored in the wmputers memory and may 

be rnanipulated instantly or at some later tirne (if necessary). 

4. The computer allows students to display the collected data immediately; 

or after the physical event. in several formats. for example: tables, graphs. 

charts, etc. 

5. The activity allows the student opportunity to re-try, re-test. or otherwise 

repeat the activity, or a variation of it, to further develop scientific 

concepts. 



The specific subject matter. apparatus. and amount of data are irrelevant in 

deterrnining whether an MBL activity is occurring. Simply. it is identified by the 

above attributes. However. deciding what level of student MBL use is 

considered reasonable so that they can be classified as MBL users is more 

problematic. Is a student using MBL during the physics course, if heJshe 

employs it numerous times, for about 30 minutes each time, and only for 

laboratories involving graphing? Or; Is a student using MBL if it is used only 

twice, but extensively. for about three hours each time? Also complicating the 

measurement of student time-on-MBL is the size of student laboratcry grouping. 

Must students using MBL be working alone with the equipment? Obviously, this 

rarely occurs with traditional science laboratories. If the students are not working 

alone. how can their level of MBL use be measured accurately? It is not the 

intention of this research to determine an acceptable amount of MBL usage and 

then use it as the measuring stick to classify the sample as "users" and 

.'nonusers". Instead. and more important. the amount of student MBL use and its 

effect on physics achievement will be the focal point. If it is deterrnined that 

present levels have no effect. then our level and method of MBL use must 

change if the arguments about MBL are to remain true. If. however. MBL has a 

positive effect on physics achievement, then gaining knowledge about the level 

of student MBL activity at which these positive effects are realized would be 

wonhwhile and will require further clarifying study. 



CHAPTER TWO 

REVIEW OF RELATED LITERATURE 

Pedagogicai Considerations 

1. Does the Use of ME1 Edend the Range of Student Investigations 
and Motivate Students? 

The power of MBL sensors and the ease of use allows students to investigate 

more life-like and presurnably more interesting activities (Rodgers. 1987. 

Thornton, 1987). No longer must a science investigation attempting to discover 

sorne novel aspect of theory be limited to cans and pulleys. ThorntonTs analytical 

1987 paper. based on his experience developing MBL for middle schools in the 

United States. argues that students need to investigate the physical world around 

them in order to correct their "common sense" understandings of science. 

lnstead of frictionless surfaces. collisions on air [racks. dropping point masses. 

etc.. students. utiiizing MBL. can inquire into more realistic phenomena that they 

are concerned about and have experience with. Assuming students are 

interested in a topic. they would probably ~e motivated to learn more about the 



scientific theory underlying the activity. This type of student-science interaction 

coincides with Pines and West (1 986) theories on misconception remediation. 

Acting like scientists, in more genuine science activities, to inquire or make 

discoveries about the world around them. is a self-motivating endeavour 

(Thornton, 1 987). The editors of the Arnerican Biology Teacher (issue Nov-Dec. 

1988), Igelsrud and Leonard (1 988), observed their classes, and gleaned from 

the literature, that students enjoyed using the technology and appreciated the 

opportunity to learn to use instrumentation that might be useful outside school. 

Matlock and Stafford (1989, p.316) discovered, from their experiences as f i 3  

year college biology professors using MBL, that students actually competed for 

the role of operator. They conclude, "Such charisma rarely emanates from 

anaiog devices." 

Besides a myriad of testimonies and personal observations from MBL users and 

their students. research also indicates that MBL is a powerful motivator. Stein 

(1 987) was actively involved in gathering data from the piloting of the Cornputer 

as Lab Partner Project in a suburban California middle school. Her research 

entailed gathering information from a two-year quaiitative study of 249 grade 

eight students usinj  MBL. Stein was interested in classroom processes with 

respect to: teacher interactions. student-peer interactions. and student-MBL 



interactions. She considered three main questions: (1) How was MBL used in 

the classroom?; (2)  What student and teacher procedures, processes and 

interactions characterized the classroum use of MBL?; and (3) What were the 

gains and benefits observed and what are the potential areas of difficulty 

identified for MBL use? From detailed teacher daily logs. numerous student and 

teacher observations, and random sampling of student evaluations Stein (1 987) 

repo rted: 

". . .less than 2% of total laboratory time was spent by s tudents on off-task 
episodes. Even the students identified as having learning or Ianguage difficulties 
penevered with the MBL system to troubleshoot and carry out labs. " (Stein. 
1 98 7. p. 233) 

Like scientists. students using FvlBL are more tikely to keep the purpose of the lab 

in sight. control and rnodify their investigations, respond to results. and propose 

"new' theories (Stein. 1987). Nachmias and Linn (1 987). studying the same 

group of students at TERC, state that. while developing new theories may not be 

the specific purpose of some traditional labs, they often are the result of student 

discovery and testing. 

Unlike Stein3 qualitative study, Nachmias and Linn (1 987) divided the two-year 

treatment into two phases. At the conclusion of phase I and at the beginning of 

and at the end of phase II. they administered the CEG (Critical Evaluation of 
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Graphs instrument) and recorded obsewational data throughout the treatrnent. 

The CEG measurement instrument was validated by a panel of science 

educators and two science education researchen; unfortunately no reliabili lies 

were given. They concluded that MBL combined with proper instruction stresses 

the rote of student as a participant in understanding the world. From student 

interviews they state: 

"The metaphor ?ha t the West ideas survive fairly accura tely describes ho w 
students corne to understand the nature of heating and cooling in MBL. Students 
who test ideas against others corne to revise their views. " (Nachmias and Linn. 
7987. p. 504) 

Utilizing MBL "discovery and testing" rnay be fun. an important consequence of 

its ability to minimize repetitive. mundane tasks. For exarnple, a student may 

want to investigate the motion of falling bodies. MBL allows several experiments 

using different masses or objects which can be repeated in one laboratory 

session. The results can be manipulated and presented by the computer: 

arguabiy then, students spend more time at what they enjoy: exploring. With 

MBL. the bounds of student inquiry are extended so they may follow their own 

intuitions. whether successful or not. Utilizing MBL can, consequently. develop 

healthy. more realistic attitudes towards science and rnay ensure inquiry 

learning. 



2. Are MBLs Effective Learning Aids toi the Novice and the 
Underprepared Student? 

Powerful instruments such as oscilloscopes or multimeters are often too 

complicated for novices to use, and so are not used widely. Various elaborate 

procedures, setups. and instruments would have to be employed in order to 

complete several different experiments. lnitially learning to use one set of 

computer interfaces properiy detracts from time spent on the actual experiments. 

Matlock and Stafford (1 989) argue that an instructor need only famiiiarize 

çtudents with a MBL system once, at the beginning of the course. In their 

experience: 

". . . students soon become corn fortable with the consistent instrumental 
environment and c m  concentrate more on the experiment and less on the 
instrument.. . " (Matlock and Stafford. 1989. p. 3 16) 

Rakow & BrandhorstJs (1989) overview of computer use in science asserts that 

elementary and junior high school students seem to have no difficulty mastering 

the software and making accurate measurements using the probes. Once the 

interface technology is mastered. Thornton (1 987) contends. the better prepared 

student can work independentiy and pursue other questions. 



Several researchers (Igelsrud and Leonard 1988. Brasell 1987a. Thornton 1987) 

also suggest that the managerial qualities of MBL are advantageous for the naive 

science student. Du ring a typical MBL session, the software. in a predeterrnined 

method, will display important information and prompt the student for the 

necessary input (usually in a menu-type format). This rnay offer guidance to the 

student, since the software will not accept impossible data and will only proceed 

if  responses are plausible. Accepting the data and continuing rnay act as a 

confirmation, or positive feedback, encouraging a tentative novice to continue. 

On the other hand. this software does not make the activity automatic - somehow 

isolating the student from the learning process - instead it only does what the 

operator dernands. Stein (1 987) reporting on student-labware interactions warns 

of potential problems caused by MBL software. From a myriad of observations of 

125 middle school students enrolled in Cornputer as Lab Partner she concludes: 

"While some students used menu options ta enhance the2 control of /ab 
procedures and data analysis. other students became 'lost' in the range of 
possibilities. or moved through the program inflexibly and ofien 
inappropriateiy.. . Even when students did kno w which menu sections to use, they 
did not necessarily know why they were using them. Many students. for 
instance. displayed misunderstandings of the function of calibration. though most 
students could follow the screen prompts to carry out a calibration."(Stein, 1987. 
p. 234) 

Grasell's (1 987a) study on the effect of real-time laboratory graphing on learning 

graphic representations of distance and velocity was the first attempt to 



investigate the specific attributes of MBL that precipitate an improvernent in 

graphing skills. Ninety-three students (seniors, average age 17.7) from seven 

rural schools in Northern Florida were selected as subjects. The experiment was 

a three-day event and took five weeks to complete. Students were divided into 

four groups; standard-MBL, delayed-MBL (they followed the same unit of work 

and method as Mokros and Tinker 1987, and Thornton 1986), control, and test- 

only. Extensive pre/post-tests were used (no reliability/validity indicators were 

mentioned) to assess performance in content, general ability, verbal ability, and 

graphing skill (i.e. to construct and comprehend). Brasell (1 987a), in explaining 

the obsewed positive effect of real-time graphing, suggests that novices in a 

traditional laboratory exercise are unsure what features they should observe and 

are susceptible to "cognitive overload". The dynamic representation produced in 

real-tirne by the software may encourage the students to focus their attention on 

the changing plot or arouse their curiosity. The linking of the physical event to 

the graphicai representation allows even the less able student an opportunity to 

construct meaning from normaily incomprehensible data (Thornton, 1987). 

Rodgers (1 987), in his descriptive essay based on his experiences, also points 

out that real-time graphs produced from MBL software have the potential to 

assist students who have poor drawing and graphing skills to exercise higher 

order conceptualizations associated with interpreting graphs. 



For novice and underprepared students. therefore. the two prominent 

characteristics of MBL are its uncomplicated operation and its "lab-rnanagei' 

abilities. Novices and underprepared students may benefit from these 

characteristics because they simplify and highlight activities which are normally 

very cornplex. With interferences such as complicated procedures or setups 

removed, laboratories can become better focused on their cognitive outcornes. 

3. Can MBLs Encourage lnquiry Leaming and Critical Thinking Skills? 

Eliminating the drudgery of data collection and manipulation, cornputer 

interfacing allows a laboratory exercise to be partly automated. The software 

sirnuitaneously dispiays the expiicit, graphic results as the experiment is taking 

place. Several pedagogical advantages arise from the immediate visual 

feedback of a physical event. The improvement of critical thinking skills and 

inquiry learning is one such benefit. 

Imagine. for exampie. a grade twelve physics student named Debbie, an 

expefienced MBL user. investigating the motion of a pendulurn (see figure 1.2). 

She decides to begin an experiment by rneasuring the change in displacement 

(traditionally a very difficult task, made easy using MBL) and immediately finds 



that the resulting graph is sinusoidal. I 

l 
i 

Continuing to analyze this motion. and a ' 

few keystrokes later. she realizes that the 
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I V  velocity and acceleration of the moving 1 

/ 

the mass of the plumbbob, the length of Figure 1.2: Simple PIumbbob 
experment 

the string, and the distance from the centre 

from which she releases it. The results? The shapes of the three graphs do not 

change. The teacher asks Debbie. "What is it about the motion that causes the 

shape on al1 three graphs?" She responds that the motion repeats over tirne. 

The teacher suggests she test her hypothesis. Debbie disassembles her 

pendulum and sets up a mass on a spring; the measurement technique is the 

sarne. so results are generated quickly - the investigation continues. 

Debbie, utilizing the MBL, had the ability to direct her own investigation. 

Thornton (1 987) observed the rapid, versatile interface technology allowing 

students to react to resuits, and then rnodify. or further investigate. hypotheses. 

Thornton (1 987) concluded that students can answer their own "what if...?" 

questions using fundamental tools sirnilar to those scientists use. They can then 

reshape their original hypotheses. test new hypotheses. and display new results 



i.e. they can conduct incrementai modeling. 

MBL may also present an opportunity for Debbie to be more creative, because 

essentially the same equipment and methods were used. Falsifying or verifying 

theories need not be as limited by the availability of traditional laboratory 

apparatus, or the students' ability to use it. Easily generated outcomes from 

various student experiments may facilitate analysis of the data. The power of 

cornputer data collection opens new opportunities, encouraging realistic problem- 

solving and criticai thinking. Rodgers (1 987) proposes: 

"With less emphasis on linear graphs, perhaps students can cultivate a 
circurnspect and honest attitude towards results where there is less concern for 
arriving at the right answer and more curiosity towards making sense of the data. 
recognising similarities. djfferences, and generally seeking out the significance of 
data."(Rodgers. 1987. p. 222) 

The above activity illustrates what Kapisovsky (1 990) suggested based on her 

experiences at TERC: with the tedium of data collection and the delay of 

outcomes rernoved, students are free to explore, measure and learn from the 

physical envi ronment. Removing unprofitable tasks. such as setting up 

equipment. learning to collect data. and so on. gives students more tirne to focus 

on developing major concepts. These trivial activities could undoubtably 

sidetrack attention from the cognitive goals of the investigation. lgelsrud & 



Leonard (1 988) daim that rather than adjusting apparatus, students could be 

changing variables. generating hypotheses, or processing numerous other higher 

order activi ties. 

Current research in this area seems to substantiate these daims. Friedler, 

Nachmias and Linn (1 990) completed a very detailed investigation in which they 

attempted to answer the following: 

" (1 )  How do students acquire observation and prediction sk ik  from the MBL 
curriculum? (2) Are the cognitive demands for the observation group different 
from those for the prediction group? (3) Does learning observation and 
prediction help use other scientific reasoning skills?" (Frieder. Nachmias and 
Linn, 1990. p. 1 73) 

Their research involved 1 10 eighth grade students studying physical science 

using a MBL temperature probe and an ingenious content-free computer game. 

Extensive observation and written testing (DFT - Discover Final Test - no report 

of validity or reiiability and so the results are questionable) monitored student 

progress. From their observations Friedler, Nachmias and Linn (1 990, p.174) 

pointed out that the immediate feedback provided by the computer about the 

physical event encouraged students to use the evidence to select the most 

appropriate paths in the problem-solvîng process. 



4. Do MBLs Encourage Learning From Peers? 

The fundamental nature of rnanipulating computer interface technology 

encourages students to work independently in the laboratory. As stated before. 

this independent work produces results during the lab time, not hours. or even 

days later. Thomton (1987) proposes that having the results with other 

classrnates present would be conducive for discussions between iab partners, 

and lab groups. Stein (1 987) obsewed that: 

+: ..instances of disparity were successfully diagnosed and cooperathely 
remediated. One feature contributing to this was students propensity to monitor 
and compare their results to others'. which was made possible by the fact that 
results were displayed graphically an the cornputer screen. " (Stein, 1987. p. 233) 

Stein (1987) goes on to describe how students formed "consulting groups" to 

solve probiemç, giving them another avenue to find help besides the often busy 

teacher. Stein (1987) concluded that in her study student cooperation (Le.. peer 

interaction) was an essential factor in stimulating students to draw thoughtful 

conclusions from laboratory activities. 

MBL has the potential to radically change the use of laboratory time. 

Traditionally the lab period is used to setup an experiment and collect data. The 

student. outside school tirne, produces results and usually receives meager 



assistance in solving post-lab questions. Altematively, the use of MBL 

encourages peer tutoring, which has been shown to be an effective learning aid. 

This also lessens the pressure on teachers, allowing thern to concentrate on 

acute learning difficulties that may develop. 

S. Are MBLs an Effective Means of Teaching Graphing? 

Graphs are part of a syrnbol system, similar in some respects to language, that 

scientists use as a central means of communication. Mokros and Tinker (1 987). 

in the introduction of their quantitative study, The Effect of MBL on Children's 

Ability to lnterpret Graphs, state: 

"Graphing constitutes a key symbol system in science because it summarizes the 
covariance of two or three variables over a large number of rneasurements. It 
a/so allows us to use our powerful visual pattern recognition facilities to see 
trends and spot subtle differences in shape. " (Mokros and Tinker. 1987. p. 369) 

Consequentially, graphing skills are critically important to understanding rnany 

topics in science. Researchers such as Shaw. Padilla. & McKenzie (1 983, cited 

in Mokros and Tinker. 1987) have established a link between students' graphing 

skills and their ability to understana scientific concepts. lnadequate graphing 

skills are a major impediment to comprehending scientific theories. 



Mokros and Tinker (1987) have studied in great detail the types of complications 

that cause poor graphing skills. and the effectiveness of ME31 in irnproving them. 

From their preliminary study (clinical interviews of 25 seventh graders), which 

has become the starting place for numerous MBL research activities that 

followed, they found two major graphing misconceptions: (1) a strong tendency to 

view graphs as pictures rather than syrnbolic, relationai representations; and (2) 

indications of a slope/height confusion. Brasell (1987a) found that 1/5 of rural 

senior high students were seriously restricted, by inadequate graphing concepts. 

in their ability to understand graphs. Mokros and Tinker (1987), in a three month 

quasi-experimental study (using a preipost-test combined with 15 minute 

interviews). discovered that seventh and eighth grade students, after a five-day 

treatment of MBL. showed a significant increase in ability to interpret and use 

graphs. They state. "...MBL instructionai strategy appears to extinguish the (two 

misconceptions) quite easily.". So easily in fact, Mokros and Tinker question 

whether these deficiencies were actual misconceptions. since they did not seem 

to resist proper instruction. 

Considerable research has been done to substantiate Mokros and Tinker's 

results. Linn, Layman and Nachmias (1987) studied 240 eighth graders from a 

suburban middle school in a treatmentkontrol group experiment. They 

administered a pre!post-test of 21 multiple choice items designed to evaluate the 



student's "chain of cognitive accomplishments for graphic representations" 

(p.  491). Linn, Layman and Nachmias (1987) concluded that MBL was 

successful in teaching students about graphing, improving their ability to identify 

graph trends and derive the meaning of the information presented. After using 

MBL. students were less likely to misconstrue graphs as pictures, instead seeing 

them as dynamic representations. Ahtee and Ahtee (1 991 ) stressed the 

importance of çtudent activity when creating motion graphs on MBL. They found 

that in order to develop graphing skills, students need to be explicitly led to 

connect the graphs with actual motions, for example, to recreate what a graph 

means. Brasell (1987a) confirmed that even after a short exposure to MBL (only 

one 40 minute session) sloae/height confusion was easily resolved as compared 

to "traditional" instruction. She studied the effect of real-time labofatory graphing 

on learning graphic representations of distance and velocity in a three-day 

experiment. Students were divided into four groups: standard-MBL. delayed- 

MBL(they foilowod the same unit of work and method as Mokros and Tinker 

1987, and Thornton 1986). control, and test-only. Extensive preipost-tests were 

used to assess performance in content, general "ability", verbal ability. and 

graphing skill (Le. to construct and comprehend graphs). Brasell (1 98ïa) further 

concluded the salient attribute of MBL that enhances graphing comprehension 

and ability: 

.'Real-time graphing.. . accounted for near/y al/ (90%) of the improvement within 
rhe standard-MBL treatment relative to the control. At no time was the 
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performance of delayed-MBL students significantly superior to that of students Ni 
the control treatment. These results indicate that the real-time graphing feature 
of the MBL was effective in improving graphing performance. " (Brasel!. l98ia. p. 
329) 

More recent research utilizing better design and methods seem to confirm these 

early results. Adams and Shrum (1988) completed a clinical study of 20 students 

enrolled in general biology classes in which students were first grouped 

according to abiiity (using GALT - Group Assessrnent of Logical Thinking) then 

divided into treatmen t or conventional groups. All performance measu res were 

validated (construct and criterion) and each student was interviewed using an 

open-ended version of TOGS as a guide. Their results show that students using 

MBL exercises did outperform (p c 0.1 0) the conventional students on graph 

construction tasks as measured by 1-TOGS construction subtest (KR-21 reliability 

0.80). Adams and Shrum (1 988) pointed out. however. that they had great 

difficuity teaching graphing skills using MBL. They suggested that a third 

variable, cognitive development of student. had a tremendous influence on 

outcomes from MBL. and so should be studied further. 



6. Are MBLs an Aid to those with Science Anxiety (particularly fernale 
students)? 

It has been argued that three components of computer interfacing: (1) ease of 

use. (2)  student control, and (3) interesting investigations, improve negative 

attitudes associated with the science laboratory. Thomton (1 987) contended 

that students who have had poor experiences with science find MBL rewarding 

when they control their own investigation and succeed. An important benefit of 

autonomy when using the computer is the student control - computer response 

interaction behveen software and the student. Rakow and Brandhorst's (1 989) 

cited several computer attributes - inability to disparage (and so "discourage" or 

*'intimidate" the novice or the underprepared), infinite patience (to the benefit of 

the ''slow learner"), and prompt response to student commands - al1 of which may 

likely heighten student enthusiasm. 

Thornton (1 986) and Brasell (1 987b) bath reported that women's attitudes 

towards science improved dramatically after using MBL. Thornton. in his 1986 

work. discussed the use of one session of MBL in two very different situations: a 

sixth grade classroom in a public school and two college physics courses at Tufts 

University. From "...class discussions and test results ...". and. "...bis and others 

experiences ..." (no other elaboration). Thornton (1 986) States five educational 

aavantages of MBL. Four of these: 



" ( 1 )  MBL versafiiiiy gives students a wider range of potential experiments: (2) 
reduced drudgery allows students to fucus on meaning and real inquiry; (3) ease 
of data manipulation provides good basis for hypothesis formulation; and: (4) 
MBL is an effective means of teaching students scientific symbol systems such 
as graphing" (Thornton, 1986, p. 5) 

have either been tentatively accepted as logical, or initiated further research. 

The fifth (p. 5): "Prelirninary evidence indicates MBL can work well with women 

as well as men and may well be an aid rather than a hindrance to those with 

science anxiety." has gone largely unresearched or treated as an aside to 

research in other directions. 

Brasell (1 987b) studied sex differences related to graphing skills in MBL and 

suggested that MBL improved female students' lack of graphing ability (they 

gained on the males), and so they had greater success. This research, however. 

is uncertain since no reliability/validity data was reported and. combined with the 

short treatrnent period (a single class), the results are tentative at best. Stuessy 

and Rowland (1988) continued to consider gender differences and the effect of 

MBL in their pre-ipost-test study of MBL on grade ten biology students. 

Measurement techniques were not specified and potential confounding variables 

were not considered. therefore. i t  is appropriate for the authors to comment on 

the results: 



': ..gains scores in graphing skills were higher for girls than for boys indicates that 
further research is needed regarding how laboratory activities. including MBLs. 
can enhance graphing skills in females. " (Stuessy and Rowland, 1988. p. 21) 

More recently, Berge (1 990) has completed specific research. much more 

rigorous than previous attempts, dealing with the gender issue. Berge, studying 

the foie of MBL in acquiring science process skills, utilized 245 seventh and 

eighth grade students in 12 science classrooms in three schools. The treatment 

period was 10 science classes for 50 minutes each and results were collected in 

a pre-ipost-test design. The lessons were created frorn, and tested by, past 

research (McLeod, 1989) and the measurement instruments used were the 

standardized TIPS and TIPS II (Test of lntegrated Process Skills). Using 

MANOVA (multianalysis of variance) Berge (1 990) concluded: 

': . .no significant diferences be tween males and females in learning science 
process skiils ... the results of this study ...g enerated gender-neutrai achievement 
outcomes in science. " (Berge. l99O. p. 759) 

Beichner (1990) concurred with this outcome in his study of the effect of 

sirnultaneous motion presentation and graph generation. 

ln an effort to investigate Brasell's (1 987a) research regarding the real-time 

graphing abiiity of MBL. Beichner designed a 2x2 balanced experiment. The 



subjects (237 high school and college students) were randomly divided into four 

groups: (1 ) traditional lab techniques and students viewed the motion (student 

group were first demonstrated a moving abject then given stroboscopic pictures 

of the event to analyze); (2) tradition lab techniques where students did not view 

the motion (no demonstration, only stroboscopic pictures were analyzed by the 

group); (3) MBL (videograph) lab techniques where students viewed the motion 

(motion was first demonstrated to the group and then video of it ran dong with: 

ive. on the same computer screen; production of corresponding graphs/data); 

and; (4) MBL (videograph) lab techniques where students did not view the motion 

(students were shown a video of the motion along with production of 

corresponding graphskiata only). The treatment lasted for one class session 

combined with one two-hour laboratov class; during the same week pre-test, 

treatment, and post-test were administered. Performance measurement was 

done utilizing TUG-K (Test of Understanding Graphs-Kinematics. KR-20 reliability 

coefficient of 0.73) and follow-up analysis was exacting (based on ANCOVA). 

One of BeichnerJs conclusions: 

':..neither gender learned more than the other. as evidenced by an analysis of 
the difference between pre- and posrtest scores (the change score). 
F( 1. 219) = 0.84. p = 0.36. " (Beichner. 1990. p. 8) 

indicates that at the very least MBL was gender-neutral, and so, has the potential 

to provide equal science education for both males and fernales. 



The debate continues; however, ana the notion of -'placing women on an even 

playing field" with men in science still intrigues MBL proponents, and most 

certainly, al1 science education researchers. If MBL has this ability. it must be 

established and developed. Once on a level with other classmates. female 

physics achievernent rnay improve, and therefore, femaies may have a more 

favourable outlook on science, 



Psychological Justification 

1. MBL Is Multi Sensory. 

Students taking part in microcornputer-based laboratories experience numerous 

sensory stimulations from an event associated concurrently with the graphic 

results. For example; a student using MBL to study sound may use the cornputer 

to plot sound waves from a guitar string as he/she holds different frets. During 

this investigation the student; "hears" the changing sound, "feels" the string 

vibrate. and "sees" both the changing results on the screen and the phenornena 

causing it. Students andlor teachers maximizing the computerJs versatility can 

further customize the output in a rnanner that they feel most untroubied with. For 

exampie, a multitude of different tables or graphs, text, and even animation. can 

be used to present the results of student activity that better facilitate iearning. 

The visually changing results are reinforced by the multimodal experience of the 

fluctuating event. In explaining MBL effectiveness in cultivating graphing skills 

Mokros and Tinker (1 987) state: 

This m ultimodal approach to learning enables students to use their 'strong ! 
intelligences or learning styles and at the same time encourages them to build 
upon learning rnodalities that are weak. " (Mokros and Tinker. 7987. p.38 7 )  



Beichner's 1990 research supports the daim that productive learning from MBL 

is a result of more than just "seeing" the physical event and the graphical 

representation in real time. Testing this particular attribute of real-time graphing, 
0 

he found that there was no significant difference between the four treatment 

groups (F (3, 218) = 0.775. p = 0.509), although there was significant learning 

overall (t = 4.86, df = 221, p < 0.001). Beichner supports Mokros and Tinkerrs 

(1 987) arguments: 

"The Videograph technique can present replications of motion while generating 
graphs. but other than determining the rate of animation, students cannot control 
the motion. This ability to make changes, and then instantly see the effect, is 
vital to the efficacy of MBL kinematics labs. The feedback appeals to the visual 
and kinesthetic senses. A simple visual juxtaposition of event images and 
graphs is not as good as seeing (and "feeiingf7 the actual event while graphs are 
being made. " (Mokros and Tinker, 1987, p. 8 1 1 )  

"Feeling?' the actual event implies seeing, hearing, touching, etc. which 

substantiates Mokros and Tinker's (1 987) theory of muiti-sensory experiences 

facilitating learning. 

Appealing to the particular 3trong" senses of students is agajn argued by 

Friedler. Nachmias. and Linn (1 990) as an important benefit of MBL activities. 

They proposed that better cognitive outcomes (such as graphing skills or 

conceptual developrnent) are achieved when students reinforce their physical 



experiences with ta~ular or graphical resuits. They further suggest that offering a 

variety of choices in repreçentation that would appeal to individual students 

would improve student achievement, since the tabular or graphical results should 

emphasize prominent information. This emphasis would explicitly and clearly link 

student experience with symbolic representation. 

2. MBL Pairs, in Real Time, Events with their Symbolic 
Representations. 

The greatest potential for educational benefit from MBL is its ability to produce 

graphic representations of physical events simultaneously, thus generating 

immediate feedback. Many researchers (Brasell, 1987a. lgelsrud & Leonard, 

1988, Thornton, 1987, Mokros & Tinker, 1987. and Layman, 1991) have studied 

the effects of real-time graphing and found that it  helps bridge the gap between 

the concrete experience and the formal symbolic representation. 

A typical high school biology class has approximately 1/3 concrete thinkers, with 

the vast majority being transitional (Lawson & Blake. 1976 cited in lgelsrud & 

Leonard. 1988). With immediate illustration of relationships between variables. 

data becomes more rneaningful. especially for transition students (Igelsrud & 

Leonard. 1988). Brasell (1 987a). trying to diçtinguish these effects. investigated 



the significance of the immediate feedback feature. She compared standard use 

of MBL with delayed-use (using MBL, however, presentation of results were 

delayed slightly) and found instantaneous feedback was crucial; even very short 

delays drastically affected concept learning. In fact. delayed-MBL students 

showed no better performance than the control group (no MBL). Further 

quantifying her results, MBL real-time graphing accounted for 90% of the 

improvement in learning of kinematics graphs in high school physics classes 

using MBL compared to traditional classes (Brasell, 1987a). The question 

remains, however; why does immediate feedback from an event augment 

student learning? Brasell (1 987a) offers this explanation: 

':..real-time graphing allows learners to process information about the event and 
the graph simultaneously rather than sequentially .... If the initial entry and 
processing of information in the brain takes place in short-term memory. then 
real-time graphing may allo w rapid cognitive linking within short-term memory 
and thus increase the likelihood of the linked information being transferred ko 
long-term memory as a single unit." (Brasell, 1987a. p. 386) 

She goes on to claim that the clear, sirnplified connection of real-time graphing 

can. and does, take place in the limited short-term memory. 

The notion of freeing students from interfering cognitive stresses, such as basic 

mathematicai computation. use ûf complex equipment. etc.. so they can focus on 

concept development has been postulated, and has been stuaied further. Pea 



(1985) argues that cornputers not only amplify mental capability (in other words 

help transcend the limitations of the mind) they also restructure the thinking 

process. For example, while using software to aid in algebia equation solving, 

there is an alteration of the cognitive skills necessary: error-free computations 

and operations on numbers and formulas are no longer as important as the 

higher mental activities asscciated with problem solving. He suggests that this 

reorganization of cognitive skills is not only necessary in today's information 

society, but, is also the cornerstone of successful computer use in education. 

It seems this reasoning is sound, but does MBL remove these cognitive stresses 

and alter the focus of laboratory learning? Research referred to above regarding 

graphing skills illustrates its effectiveness in skills development. When 

comparing a computer game (Discover, a content-free problem solving game) to 

a "real" MBL investigation of the concept of temperature, Friedler, Nachmias, and 

Linn (1 990) found that small loads on limited short-term memory enabled 

students to empioy efficient problem-solving strategies. 

.'. . . the Discover game puts a relativeiy small load on the limited capacity of the 
short-term memory. thus enabling students to employ efficient problem-solving 
strategies. The tact that just one-third of the students were able to control 
variables in the subject-matter-related test. compared with the two-thirds that did 
su in Discover test. /ends support to the argument about the advantage of Io w 
memory load." (Friedler. Nachmias. and Lmn. 1990. p. 188) 



Layman (1991), illustrating the effect of MBL on teaching the ldeal Gas Law, 

proposes that conceptual development (or change) can occur successfully when 

intermediate demands are rernoved and observations are linked to outcornes. In 

his paper, presented at the International Symposium on the Evaluation of 

Physics Education (Helsinki, Finland, June 25-29, 1990), he combined the 

research of Thornton (1 987) on MBL, with Arons (1 989) teachingllearning 

procedures in a logical thought experiment based on his past experiences 

working at NSF developing MBL activities and inservicing teachers. 

An ongoing study by Nakhleh and Krajcik (1991) indicated that strong 

understanding of acid-base concepts and remediation of weak models of matter 

are intensified as a result of MBL. Their qualitative research involved 

constructing concept rnaps from samples of learners involved in several 

presentation methodologies (of the concepts acid. base, and pH). Learners 

ernploying MBL applications produced overall more complex and diversified 

concept rnaps. They proposed that MBL allows students sufficient tirne to 

contemplate, on a molecular scale, what is happening; to access their long-term 

memory: and therefore. restructure their knowledge. 

The shift in cognitive activity and outcorne that is a result of MBL use seems to 

be associated with its ability to remove/limit mundane tasks and link. in real-time 



(possibly in short term memory). the physical event with symbolic representation. 

Further research, however, is needed to confirrn these arguments and 

preliminary studies. 

MBL Activities allow for Frequent Repetition of Diverse Events. 

Throughout this paper, various sources (Mokros and Tinker, 1987, Brasell, 

1987a, Thornton, 1987, etc.) state. or strongly irnply, that MBL characteristics, 

such as speed and simplicity, positively influenced the pedagogy and psychology 

of science education. It would be remiss to overfook MBL's influence on one of 

education's seasoned principles: Practice makes perfect. lncreased laboratory 

experience, obtainable from MBL. would allow students to formulate powerful 

mental templates (Linn. Layman and Nachmias, 1987). They explain: 

"We know that learners construcf their understanding of the worid. They often 
take their first exampie of a particular phenornenon as a prototype for that 
situation and then use it to interpret the next example." (linn. Layman and 
Nachmias, 1987, p. 24 7) 

Developing these prototypes would enhance a student's abilities to work 

independently and problem-solve. Linn, Layman and Nachmias (1 987) 

dernonstrated that frequent repetition of MBL activities seemed to assist 



production of mental guides (the guides were more dominant than before 

treatment) for motion, velocity, temperature and acceleration graphs. In their 

conclusion they stated: 

"Most of the students came to the course with incomplete temperature and 
motion templates. Viewing many graphs presented on the cornputer screen 
helped students to build graph templates for heating and cooling curves. !' (Linn. 
Layrnan and Nachmias, 1987, p. 252) 

Within science teaching, the need may also arise to utilize the lab for 

demonstration purposes. For example; a student may not "beiieve*' that a 

chemical reaction can be endothermic. Pines and West (1 986) assert that 

students rnay not correct misconceptions because they witness one example that 

contradicts. when in their everyday experience they see numerous that do not. 

In such a case it may be necessary to "prove" endothermic reactions to the 

student by repeating an investigation using various examples. The high quality 

and quantity of data avaiiable from MBL would make such remediation 

elementary and an easily employed educational technique. Adams and Shrum 

(1 988) showed the importance of practice when their results (p = 0.05) indicated 

that conventional laboratory exercises allowed students to practice graph 

construction skills, thereby resulting in higher çtudent achievement on 

graph-construction tasks. The MBL group constructed fewer graphs (the 

cornputer constructed thern) and so. construction of graphs achievement was 



lower in MBL group. With regard to graph interpretation, however. the MBL 

group outperforrned the conventional group (an effect size of 0.48). This would 

seem logical since the MBL group spent less time constructing graphs and more 

time interpreting them. 

Summary 

The present MBL related literatu re can certainly be descri bed as supportive. 

Research suggests that educational benefits of MBL are dependent upon a 

definite set of abilities that improve some laboratory activities. During a MBL 

session, the computer hardware and software: 

1 . has a level of management. The computer requires 

information in a particular format and sequence. lt also 

determines the range of output possibilities. 

2. removes "menial tasks" associated with traditional laboratory 

activities. Whether repetitive calculations or rnanual graphing have 

educational benefit is open to debate. Removing them, however, 

allows more student time to be used for other activities. 



3. provides instant feedback. During an MBL activity feedback is 

given in an uncritical. unsupportive manner throughout the activity 

and as output. 

4. is a versatile tool of information gathering and analysis. A wide 

range of experimental variables may be measured utilizing one set 

of equipment and instructions. Analysis and presentation of results 

is limited by student ability and complexity of software. 

Research supports the idea that these abilities have many possible effects on a 

traditional laboratory activity. The microcornputer based laboratory. with a wider 

range of laborator\/ topics. shifts student efforts to higher order processes. 

These processes, such as analyzing and experimenting, are more science-like in 

method and subject. The real-time. useable feedback and guidance that MBL 

offers potentially provides students with the opportunity to produce their own 

results from their own methods. Having students replicate the scientific method 

motivates (as it does real scientists). encourages cooperation, and, develops 

inquiry and critical thinking skills. Laboratory-related conclusions rnay result from 

repetition of experimentation. or mathematical associations which both require 

detailed analysis of variables (and uçually include graphing). MBL seems to 

ameliorate these activities, therefore. students utilizing MBL have stronger 



understandings of graphical data and what it implies. The research also 

indicates that novices, underprepared, or otherwise less capable students, 

benefit from the noncritical interaction with the software. The programming also 

offers a level of guidance thar possibly reassures students to continue. If. white 

utilizing MBL, mistakes are made or results are inappropriate. repeating the 

laboratory may be less of a punishrnent, since any new procedures such as 

gathering more data or changing rnethod of analysis are quick and supply 

immediate feedback. 

Do these beneficial effects on laboratory activities translate into a deeper 

understanding of the subject rnatter investigated? Does MBL have a significant 

effect on a student's science achievernent? The answers to ihese questions 

remain untested and tentative. Research cited above by no means establishes a 

strcng, significant relationship between MBL use and student achievement. 

It is important to recognize that much of any completed supporting research rnay 

already be obsolete. The growth of technology (both hardware and software) 

and its proliferation through schools means MBL and its capabilities have 

changed dramatically in the past five to ten years. Subsequent development of 

microcornputer based laboratories combined with the explosion of the information 

age would colour conclusions invoiving older technologies. In fact. much of 

pre-1990 research rnay be discounted since MBL capabilities then were 
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rudimentary compared to more modem versions. Moreover. the existing body of 

literature pertaining to MBL is not capable of supporting a positive relationship 

between MBL and science achievement. Nakhleh (1 994) in her review of MBL 

research criticizes: 

"Many of these studies allowed a very short time for treatment. and these 
treatments were especially designed modules which bore littie relationship to the 
total curriculum or were treatments experienced by individuals in a clinical 
setting, that is, no instruction. Many studies used only one type of probe. and 
assessments were sometimes multiple choice tests, which were narro wly 
focused on achievement rather than explorations of the students' understanding. " 
(Nakhleh. 1994, p. 378) 

She continues her critique by noting that research has also been largely limited 

to middle school settings investigating MBL and graphicai understanding. 

Conclusions based on specific. short time treatments. limited to middle school 

students cannot be extrapolated to overall curriculum achievement for al1 science 

students. Nakhleh (1 994) recognized six requirements for future research: 

1. Longitudinal studies where MBL is integrally involved in the entire "real-world*' 

science curriculum; 2. Thorough research in the secondary, and higher. levels 

with special attention given to gender differences: 3. Research focused on how 

students construct knowledge using MBL and how this affects interpretations of 

physical phenomena; 4. More research into the connections students make 

between the MBL graph and the event that it represents: 5. Research 

investigating different probes: and: 6. Research of MBL activities affect on 



students' attitudes towards science and how this affects motivation and 

understanding of scientific experimentation. 

The need for a broader, long term study, where MBL is integrated into an existing 

curriculum is evident. Student science achievernent. however, may depend on a 

myriad of variables, one of which rnay be MBL use. To properly understand 

MBL's affect on science achievement, research is also required into the 

relationships between MBL use and other confounding variables. 
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CHAPTER THREE 

DESIGN AND PROCEDURE 

Introduction 

Research pertaining to physics achievement has produced a lengthy list of 

conditions and environments that influence achievement. Determining 

relationships among the numerous factors is difficult. It is important. however. to 

do so if the ultimate goal is understanding the fundamental attributes that 

enhance physics achievement. For example: in this research it may be realized 

that MBL use does not improve achievement for al1 students: only students who 

are taught by inexperienced teachers: or students in large schools: or rural 

students: and so on. Choosing the correct variables and experimental design to 

study the effects of a particular treatment. therefore. is essential if conclusions 

are to be considered valid. 

Research design and selection of descriptive variables for this study was greatly 

infiuenced by the type and availability of data. The Newfoundland Department 



of Education provided an extensive coliection of school and achievement 

statistics peftaining to 1771 secondary students. The data source. however, did 

not include information concerning students' MBL use or related classroom 

experiences pertinent for delineating the treatment variable. This chapter 

explains decisions made regarding the method of collecting this information. then 

reviews the complete database available. All variables available will not be 

included in the research design because it was beyond the statistical ability for 

this sample size. and some are unreiated to treatment and dependent variables. 

It is from categorizing, evaluating and selecting variables that the mode1 for study 

will Be deveioped. 



Sample Sources 

Newfoundland Department of Education 

The Newfoundland Department of Education, during the 1992-1993 school year, 

responded to curriculum evaluation concerns by improving its high school course 

summative evaluations (that is. the year end public exams). lmprovement meant 

a more accurate. and most important, more consistent summative evaluation. To 

provide a set of appropriate questions the Department of Education randomly 

sampled 77 schools throughout the province (84 teachers and 1771 physics 

students) to complete a physics question anâlysis. The sample was divided 

equally into 23 groups and each group then completed a test on one unit of 

Physics 3204. The Newfoundland Department of Education provided this study 

with the results of the item validation and augmented it with background 

information about the students and teachers involved in the testing. The 

database of student ana school information. which this research further 

developed. was large and comprehensive. 

The information initially provided represents important confounding variables that 

may affect MBL use. or its relationship to physics achievement. lncluded at the 

student levei was demographic and academic information such as science and 



mathematics courses presently enrolled in and marks of any cornpleted. student 

gender. and age. At the school level, data included pupil-teacher-ratic. yearç 

teaching experience, teacher certification level, total school enrolment. school 

type. and school region. Combined. this data set constituted a vast pool of 

information about physics students and their learning environment. It did not 

iriclude, however. anything related to the availability of, or student use of, 

computer technology. The only possible method of gathering this pertinent 

information was through a well designed teacher survey. 

Teacher Survey 

The intent of this research was to investigate MBL and its effect on physics 

achievement. Confounding teacher and classroom variables related to MBL. 

therefore, were investigated and controlled. A suwey was designed to gather 

information about teacher qualifications (e.g. academic background, computer 

aptitude). teacher attitudes towards computer use during instruction. and student 

physics class experiences. Since the teachers involved in the Department of 

Education's item analysis were volunteers. and willing participants. a high rate of 

return was anticipated. Eighty-four physics teachers were surveyed late in the 

1992-1 993 school year with 929" responding. The survey was designed to 



gather information pertaining to the sample student's classroom environment and 

experiences. the survey was divided into four sections 

1. Resources: This section refers to the computer resources (both software 

and hardware). and expertise available to the students. ln a short 

response format, teachers were asked to state the degree and extent of 

their computer experience; and to tist the equipment available for student 

use. The answers would help determine how much students used 

cornputers. and. more specifically. how much MBL occurred during 

physics instruction. 

2. Extent of Computer Use: In a multiple choice format. teachers were 

asked the extent to which students actually used the computer. and what 

they believed was the ideal frequency of student computer use during 

physics instruction. With the possibility of teachers not having any 

computer expertise andior not knowing current computer educational 

uses. the questions. al1 following a similar format. were subdivided into six 

categories: 1. Demonstration Programs. 2. Drill-and-Practice, 

3. Laboratory Simulation. 4. Tutorials. 5. Classroom klanagement. and. 

6. Lôboratory Tool (MBL). Each began with a brief definition. and exampie 

activities or sofPmre. then broke into two specific questions pertaining to 



actual student use versus ideal student use (see sample survey question 

below) 

6. Laboratory Tool. The use of computers. along with additional 
interfaces. to capture. store. analyze and display experimental data. 
Examples: Super Champ. Vernier. 

A. Which best describes your students' current 
frequency of use of computers as a laboratory tool 
for physics instruction: 

B. Which best describes what you believe the ideal 
frequency of your students' use of computers as a 
laboratory tool for physics instruction should be: 

Answering the questions. teachers chose between six possibilities: 

(1 ) once a day. ( 2 )  once a week. (3) once a month. (4) 2 to 5 times a year, 

(5) once a year. and (6)-never. 

If the actuai student use scores were low. indicating little MBL affect on 

achievement. an obvious question would be why wasn't the computer 

utilized more often? A common teacher comment is that they are willing 

and enthusiastic to use MBL. however. they lack equipment and expertise. 

If this is true. then. although scores on "actual use" may be low; scores on 

"ideal student use" should be much hiçher. lt was decided that "actual 



use" and "ideal use" question mirroring for al1 six categories of computer 

use rnay produce data that could defend this teacher response. 

Computer use was divided into six categories because any academic 

benefit of MBL may be masked in the effect of a general student computer 

aptitude that would develop if a teacher offen employs computer 

technology in many different classroom situations. In other words, 

achievement in Physics rnay be affected by MBL. or by Drill and Practice. 

etc.. or, more generally. by a student computer aptitude which is the result 

of varied computer utilization during instruction. Perhaps the data may 

indicate that MBL will only influence achievement as a part of a student 

computer aptitude. It is important to delineate the relationship of MBL to 

achievement. and how it may be interconnected with other computer uses 

during instruction. 

3. Laboratory and Computer Use: If teachers utilized the computer during 

laboratory classes. further details about student laboratory experiences 

were required to determine if MBL is an influencing factor. Teachers may 

have students engaged in MBL every laboratory: however. the students 

may only participate in these activities once every five weeks. perhaps for 

short time periods. and within large student groups. Under these 



conditions you would expect MBL's effect on achievement levels to be 

minimal. Potentially. teachers rnay have utilized computer interfacing, and 

so students have experiences with it. however. experiences such as 

demonstrations or remediation limit students to observing. Any effect of 

MBL would be greatly reduced because of a lack of student control and 

hands-on interaction. In this section, in a check list format, teachers were 

asked pertinent details. such as time spent on laboratory activities, student 

group size. and the role of computer interfacing. 

4. General: Student achievement has a complex relationship with 

numerous attributes of the classroom environment. The focus of this 

research. however. is the contribution of MBL activities and its relationship 

to achievement. When compared to other variables such as teacher 

qualifications or textbook seiection or more importantly student physics 

ability, the effects of MBL rnay be very small. Furthermore. these 

variables may partially determine the amount of MBL and its effectiveness. 

For example; a particular textbook. or elective unit taught. rnay increase, 

or Vary. student klBL experience. Conceivabiy. MBL activities may only 

become significant for students of teachers with iittle experience. because 

these teachers usually rely less on traditional methods. To explore these 

possibilities, data such as: teacher academic major; teacher academic 



minor; years teaching experience: textbook used: course unit order: and 

optional unit completed were collected in a short response format that 

ended the suwey. 

The survey data. combined with information from the Newfoundland Department 

of Education. produced an extensive set of potentialiy infiuencing variables and 

of student outcornes. For clarity, this database can be organized into three 

categories (see table 3.1 ): 

STUDENT FACTORS ClASSROOM FACTORS 

Gender 

Date of Binh 

Student Math Marks 

Student 's Sc~ence Marks 

F!nal Phys~cs Schooi Mark 

Final Phys~cs Exam Mark 

Sludent 's present Ma th 
Courses 

Student's present science 
course(sj 

lndividual Question 
Resoonses 

Textbook Used 

Cornputer Interfaces Used 

Rank of Computer Use 

Order of Unit cornpletion 

Teacher's Years Experrence 

Optional Unit completed 

Teacher's Computer 
Expenence 

Extent of Computer Use for 
science instruction 

ldeal Extent of Computer Use 
for science instruction 

Teacher's Certificatm Level 

Teacher's Minor in Un~vers~iy 

Teacher 's Malor In Univers~ty 

Extent of Labofatory Use in 
Phys~cs instruction 

Teacher's Experrence 
Teachrnq Phvsrcs 

SCHOOL FACTORS 

Month student wrote test 

Yrban/Rural 

Type of Schcol 

Total School Enrollment 

School Region 

School Distric: 

No. of Cornputers available 
for sclence tns truction 

School Pupil- Teacher Ratio 

Software available for saence 
instruction 

Table 3.1: Data set col!ected 
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These factors were the foundation from which this research would be based. 

Unfortunately. not al1 the data representing potential influences on physics 

achievement (although interesting) were studied. Only factors that arguably 

influenced the use of MBL, and influenced MBL's effect on achievement, were 

examined 



Varia &le Selection 

Student Factors 

The major sources of student-based variables are the item analysis data and 

Newfoundland Department of Education statistics. lncluded were: gender, date 

of birth. al1 mathematics courses completed and marks received. al1 science 

courses completed and marks received, al1 science courses presently enrolled in. 

al1 mathematics courses presently enrolled in. item-by-item results of unit exam 

(results of each form). Physics 3204 school mark. Physics 3204 public exam 

mark. and final Physics 3204 mark. Upon first examination, it appears that there 

was a large database pertaining to student achievement in secondary school. 

For various reasons. unfortunately. much of this data was not useful for this 

research. 

First. the item analysis achievement data was not based on a consistent 

rneasuring instrument. Of the 1771 students involved in the item analysis. no 

more than 123 wrote the same form. Each of ihe 23 forms had cornpletely 

different questions derived from one of the six units in Physics 3204. In other 

words. each group of students. sorted by the 23 different forms of the item 

analysis. wrote unrelated evaiuations. There was no effort to make the forms 



equal in content. difficulty level, or structure. Moreover. these evaluations were 

administered by the classroom teacher while students were still completing the 

course. There was no effort to ensure students had completed the same amount 

of the course before testing. therefore, differences in achievement may have 

been the result of what and how much physics was completed, rather than by 

any instructional method or other treatments. Any outcome based on the form 

results would merely indicate achievement on a particular test in a particular unit 

of study. 

Another potentially interesting group of data was the cornpleted science and 

mathernatics marks. and courses presently enrolled in. At first glance these may 

indicate some predisposed aptitude towards science and mathematics. possibly 

a powerful determinant affecting physics achievement. Complicating this data. 

however, was the wide range of choice in science courses. and the three 

streams of mathematics curricula available to Newfoundland students. Some 

students, presently completing Physics 3204. did not have any other science 

course completed, while others had up to four done. Moreover. the sample of 

students tested was dispersed amongst al1 three rnathematics streams (basic. 

academic, and advanced) which resulted in achievement data from six different 

mathematics courses. The academic background of students in the sample was 

very diverse. therefore. virtually incomparable. The only secondary course 



cornmon to most members of the sample was Physics 2204, the course often 

considered a prerequisite to Physics 3204. Achievement data for Physics 2204 

was used as a measure of pre-treatment physics ability and was a control 

variable (for student background) within the modei. However. because of the 

way that this data was determined. it may have questionable validity and 

reliability. 

For 2000 level courses in Newfoundland each group of students (based on the 

school they attended) was exposed to teacher-formulated evaluation. 

Teacher-based evaluation has traditionally been criticized (Crocker. 1989). since 

teachers may lack the time and expertise to produce valid. criterion referenced 

instruments which evaluate curriculum intended learner outcomes, and rnay not 

practice objective means of marking. It can be argued. however. that these tests 

do evaluate teacher intended learner outcomes, and so have a high measure of 

validity. Ideaily. these two sets of outcomes coincide with each other. but based 

on local conditions. sometimes they may not. Student achievement on these 

evaluations are valid. however, in the sense that they are measures of what a 

student knows in comparison to wha: the teacher expected them to know. Since 

these expectations are founded in the physics subject matter. the Physics 2204 

marks are evidence of pre-3204 physics ability. despite any mismatch with 

specific physics curriculum objectives. 



Concerns about validity and reliability in 2000 level course achievernent arise 

because it is the sole responsibility of individual schools. and are thereby subject 

to local conditions. Student evaluation in 3000 level courses (the second and 

final course of a subject) is assumed much more rigorous and dependable. since 

it is based on a common curriculum and final exam determined by 

Newfoundland's Department of Education. The guidelines stipulate that the final 

grade is a calculated average between a school-based mark. supplied by the 

classroom teacher. and final exam mark. supplied by the Department of 

Education (see figure 3.1 ). The school-supplied mark is intended to represent 

work completed throughout the course. such as unit tests. assignments, 

laboratories. and so on. The Department of Education mark represents student 

achievement on the summative 

exam (produced and 

administered by the Department) 

referred to as the public exam. 

In determining the overall 

student achievement, the 

Department of Education 

analyzes both school marks and 

public exam outcomes for 

significant differences. If any are 

Midyear Exam Lao Reuarîs 

!: Final 1 
1 . Grade i 

Figure 3.7: 3000 level course evaluation scheme 



found. the school marks are statistically normaiized before the average is 

calculated. Since al1 students in the sarnple were enroled in Physics 3204. they 

were required to cornplete. under similar conditions. the sarne summative 

evaluation. This evaluation is formulated and standardized by a group of 

curriculum experts utilizing a bank of questions that have high validity and 

reliability (note the item testing in Physics previously referred to). and are based 

on the course intended learner outcomes. Once written. the exam papers are 

marked by a team of experienced physics teachers (approxirnately six) in a 

controiled process where each teacher is assigned paFticular questions to mark 

and standards are checked on a continual basis. The exam results, therefore, 

are a good, objective measure of a student's Physics 3204 knowledge and were 

used as a dependent variable representing physics achievement. 

The public exam. because of physical constraints such as tirne. materials, and 

diversity of student classroom experiences (every student representing every 

Newfoundland high school must write the public exams) can not. however, 

accurately measure al1 outcomes of the p hysics curriculum. Science processes 

çuch as experimenting, controlling variables, and extrapolation, for example, are 

difficult to include in a three-hour paper-and-pencil exam designed to evaluate 

ten months of physics study. It can be assumed that the level of achievement in 

student i~quiry skills. attitudes towards science. and critical thinking skills 



(emphasized in the laboratory setting) would be better refiected in the 

school-based mark. This mark has a measure of validity because it is the result 

of many evaluation instruments which probably utilize various techniques such as 

laboratory reports. research papers, and quines. Combining these evaluations 

means the school-based mark represents a comprehensive. more diversified 

measure of student achievement. MBL's strong association with practical work 

may imply that any affect it has on student achievement would be most 

prominent in the school-based mark. It is often assumed. however, that the 

school-based marks lack rigor and validity since they are usually different than 

corresponding public exam marks. On the other hand. Crocker (1 989) argued 

that the differences in value between school-based. and. public exam marks. 

which was also evident in this sample, rnay be the direct result of the differences 

in evaluation techniques and purposes. The school-based mark. with a stronger 

practical cornponent. was also a dependent variable in this research representing 

student Physics 3204 achievement . 

Classroom Factors 

Classroom related data. obtained from the survey and the Newfoundland 

Department of Education. made up a diverse collection of variables, some of 



which may have a questionable relationship to MBL use and its affect on 

achievement. Oniy variables which could be connected to this relationship. 

therefore. were considered. For example, the teacher ranked purposes for MBL 

generated interesting data pertaining to teacher instructional uses of computer 

interfacing, however. it was not within the scope of this research to determine 

which application of MBL is the best. It should be established that MBL has an 

effect on achievement before delineating any particular requirements for its use. 

Data such as this was left for further study. Al1 utilized classroom factors were 

teacher-related since they either depended on teacher qualification. or 

instructional attitudes and decisions made by the teacher. This information was 

a direct measure of the classroom environment in which students were taught 

physics. and so may have had a direct affect on student MBL use and physics 

achievemen t. 

Teacher background variables. predictors of teaching ability. would have a 

profound effect on MBL use and student achievement. Teaching ability is a 

ccmplex. diffwlt-to-measure quality which results from many contributing 

factors. In the absence of any direct measure. the research included variables 

such as teacher's microcornputer experience. teacher's educational background. 

teacher's certification level, and years teaching experience. This teacher 

background information may not equate to teacher ability, however. they are a 



contributing factors. and so their effect on MBL use and physics achievement 

was analyzed. For example: a teacher with little or no computer knowledge 

would most likely not utilize MBL activities, if he or she did, in al1 likelihood it 

would not be as effective. A more experienced teacher. with a background in 

physical science would presumably be more familiar with the subject matter and 

effective instructional methods. With a high probability of producing more 

knowledgeable physics students. the experienced teacher might have more time 

to explore and maximize new methods such as MBL. A positive attitude toward 

cornputer innovation is not limited to experienced. successful teachers. It may be 

an important contributor to the success of less experienced teachers. Teacher 

experience. attitude and background. indicating increased teaching ability. may. 

therefore, have a direct affect on the use and effectiveness of MBL. 

The myriad of teaching philosophies. rnethods. materials and so on. that are 

possible. each with their own set of advantages ar,d disadvantages. makes the 

relationship between the ciassroom environment and achievement complex and 

difficult to delineate. If microcomputer based laboratories however have any 

influence on achievement. then teachers must establish a learning environment 

that is conducive for its use. Furthermore, the data may indicate a relationshio 

Setween teacher background. learning environment. and ievel of FvlBL use. 

Perhaps some veteran teachers realize the potentiai benefits of MBL. but see 



them as no better than present methodologies. It is possible that teachers. upon 

critical examination. determine that microcornputer based laboratories do not 

significantly improve the laboratory experience, which in itself has little effect on 

student achievement. These possibilities rnay be caused by predisposed 

negative opinions about the role of the laboratory and computer use within the 

curriculum. In an attempt to study these. this research included such variables 

as: extent of laboratory use in physics instruction, extent of computer use for 

science instruction, and teacher attitude toward computer use for science 

instruction. These may directly affect achievement. or be a part of any MBL 

use-achievement relationship. 

School Factors 

Major differences in Newfoundland's education system have traditionally been 

attributed to the province's socio-economic situation and the rural-urban split 

which divides Newfoundland citizens into two groups. One group, urban 

residents, are. on average. well educated. middle class. and live in the centers of 

commerce. Rural Newfoundland's livelihood. depending mainly on fishing. 

forestry or rnining, has fluctuated greatly. The result is people living in very srnaIl 

solated cornmunities. have lower average annual incomes. a lower resource 



base, and a lower average education level than people living in urban centers. 

This diversity in background and environment results in many differences in the 

schooling provided to each group. For example. rural schools generally have 

smaller enrolments. fewer financial resources (from total budget allocations. 

cafeteria sales. etc.) and a more limited curriculum. al1 of which may negatively 

influence MBL use and physics achievement. Teachers working in rural schools 

often contend, however, they enjoy a greater parental input (such as direct, 

community-based financial assistance and greater teacher-parent cooperation) 

and lower pupil-teacher ratio. These may counteract any negatives associated 

with rural schooling. 

The specific differences in schooling provided to rural V.S. urban students are 

cornplex. and for the purposes of this research. need not be delineated. In the 

past. however. rural schools were considered disadvantaged with regards to 

curriculum resources and the lower average student socio-economic 

background. If microcornputer based laboratories in rural schools have little or 

no affect on physics achievement. perhaps a lack of resources is a problem. 

Rural teachers may be willing and open minded. but have no equiprnent to 

employ the laboratory techniques. fvlore research would be required to determine 

why. Furthermore. if student socio-economic background. predicted by student 

and school location. is a powerful confounding variable. then it may mask any 



affect MBL may have on achievernent. Compensating for these deficiencies. 

rural teachers, with smaller class sizes. rnay offer more individualized instruction. 

thereby improving expected achievement. For these reasons this study included 

the school variables rurallurban, and school enrolment. 



Summary 

The primary question: "Does MBL use have an affect on student physics 

achievement?" was answered by determining the effect of the treatment (MBL 

use) on the physics final exam mark and physics final school mark while 

controlling for potential interfering variables. The variables were grouped into 

three categories: 1. student factors: 2. classroom factors; and 3. school factors 

(see table 3.2). 

STUDENT FACTORS 

Pre-treatment Physics Aiiility 

CLASSROOM FACTORS 

Teacher's Certification Level 

Teacher's Years Experrence 

Teacher's Academic 
Background 

Tea cher's Microcornputer 
Experience 

Exten~ of Labofatory Use in 
Physics instruction 

Extent of Computer Use for 
Science 1nstruc:ion 

Teacher Ccmputer Use 
Alt~tude 

SCHOOL FACTORS 

Urban/Rural School 

Total School Enrollment 

Table 3.2: Vanabies researchea 



If MBL use is a significant indicator of achievement then it is important. if we want 

to improve achievement, to determine what variables affect the level of MBL use. 

This study investigated teacher's academic background. teacher's years 

experience, extent of laboratory use, teacher's computer attitudes. teacher's 

computer ability, school location. and so on. to determine whether these 

variables affect students' exposure to MBL methods. Understanding which 

variables are fundamental determiners of MBL use rnay assist education leaders 

to maximize MBL and, therefore. increase physics achievement. If. on the other 

hand, analysis indicates MBL use has no effect on physics achievement then. 

this study will attempt to explain these results by further exploring student 

classroom experiences and teacher attitudes towards computer technology. 

One reason why FvlBL use rnay have little effect on physics achievement is the 

distinct possibility of low student MBL use. In the past. a perceived lack of 

student MBL activities was attributed to many causes. most notably. the lack of 

equipment (associated with poor funding) and the lack of teacher expertise. If 

this research can determine problems associated with FvlBL use, steps may be 

taken such as. increase funding or teacher inservice to encourage kiBL use. 

Removing other potential barriers such as negative teacher attitudes about the 

instructional use of the computer, and thereby increasing MBL use may be more 

problematic. By investigating the MBL use variable. this research attempted to 



determine if it is the primary reason for the lack of a MBL use-physics 

achievement relationship, and if so, delineate the possible causes for it. 

Determining this would allow Newfoundland's school leaders to develop 

responses and attempt to correct the situation. See figure 3.2 for the cornplete 

model analysis. 

...... ; '  Background i MBL i *' Physics ".: 
..: Variables I. Use ; ; Achievernent i 

Exparience 

B~ckgrouna 

- Years Teacning 
Expertence 

C 5 h ien t  cd Laacratory z 2 Use = y r  
Teacner Certification 

LCWl . 
/ Estent of  Cornouter 

Use for instruction 
b 

Teacner Cornouter 
Use Alùlude 

1 
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School Evaiuation i 1 1 ;  
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Figure 3.2: Analysrs model. 



CHAPTER FOUR 

RESULTS AND ANALYSE 

Examining the Data 

Introduction 

Compiling the relevant information. representing 1688 students and 85 teachers. 

produced a data set with two frames of reference. student referenced data 

(where teacher, classroom, and school related data is repeated for each student) 

and teacher referenced data (where student related data is aggregated). The 

unit of analysis for this research is at the teacher level. that is, the study 

investigated the effects of teacher-determined factors (at the classroom level), 

such as teacher academic background, school location. teacher computer 

experience. etc., on student MBL use and student physics achievement. 

Furtherrnore, this research controlled for these factors and investigated any 

relationship between MBL use and physics achievement. Although hierarchal 

linear modeling may have presented a more rigorous analysis without a loss of 



levels of significance or degrees of freedom associated with a decreased sample 

size. aggregating the large sample of students was considered acceptable for 

this exploratory research. The data set, therefore, was aggregated and 

analyzed at the teacher level using the average student public mark and the 

average student school mark as dependent variables, indicating the student 

achievement level of a particuiar teacher. The aggregate data was further 

prepared for statistical analysis by numerical coding of raw scores and item 

analysis to create the teacher attitude toward computer use variable. and other 

computer use variable. 

Data Encoding 

Coding raw data began with obviocs numerical representations for text input. 

For example: schocl location, reported as "rural" and "urban'. was recoded into 2 

and 1 respectively. Likewise. the variables teacher academic background. 

school type. teacher computer experience. and teacher years of microcornputer 

experience were numerically coded. The variable student laboratory time, which 

indicates the average time per unit spent on laboratory activities, was 

transformed from a six-level ordinal variable (Yi hour. 1 hour. 1% hour. 2 hours. 

3 hours. and >3 hours) into a dichotomous variable (sufficient time and 



insufficient time). Any response of 2 hours or lower was recoded insufficient. 

while 3 hours or higher was recoded sufficient. This was based on the 

Newfoundland Department of Education curriculum guidelines for Physics 3204 

that suggest teachers complete a minimum ofY2 core student laboratories. 

Based on the suggested time required for each. a minimum of 3 hours per unit 

would be reasonable, and therefore, was judged sufficient. 

The multiple choice responses to teacher questions pertaining to current and 

ideal instructional computer use were also recoded into dichotomous variables as 

"users" and "nonusers". It is not the intention of this research to decipher a 

relationship between the level of MBL use and physics achievement: this will be 

left for further study. Instead, this exploratory research examined the relationship 

of student MBL use (defined as "user'' or "nonuser") and their physics 

achievement. To categorize microcomputer based laboratories use, the six 

possible responses (based on the amount of instructional time) were recoded. If 

teachers choose one of the possible answers: (1 )-once a day. (2)-once a week. 

(3)-once a month. and, (4)-2 to 5 times a year, they were considered users of. or, 

in the case of "ideal use" questions, in favour of, a particular instructional method. 

This grouping is considered reasonable since "once a day", "once a week", and, 

"once a month" constitute a considerable IeveI of instructional computer use. 

ine "2 to 5 times a year" response rnay appear low iû be considered a "user". 



however, any teacher who chose this option also chose it. or more frequent use 

options. in other computer use categories. It is reasonable. therefore. to consider 

these teachers knowledgeable computer users who integrate computer 

technology into several different aspects of classroom instruction. There is a 

good probability that when these teachers employ MBL. 2 to 5 times a year. the 

student experiences are extensive. and therefore, will be recoded as users. The 

selections of (5)-once a year and (6)-never were recoded into "nonuser* since it 

iç very unlikely that this amount of cornputer-related instruction, over a ten rnonth 

period. would have any measurable affect on physics ability. This recoding is 

considered reasonable, since upon examination of responses to instructional 

computer use. and ideal instructional computer use items. it is evident that a 

dichotomy exists. That is. most teachers. whether actual or ideal cornputer use. 

selected responses 1 (once a day) through 3 (once a month), or 6 (never). A low 

percentage of teachers chose moderate options such as 3 (2 to 5 times a year) 

or 5 (once a year). For example; for ideal use. on average, 12.78% selected the 

middle choices "2 to 5 times a year" and "once a year" (See table 4.1). 



(1 )-once a day / 1 3.24i'g / / 7.44% 

Response Average Actual 
Use Frequency 1 / Average ldeal Use 

Frequency 

(2)-once a week 

(3)-once a month 

Table 4.1: Frequency of responses on items related to computer 
instructional use. 

(4)-2 to 5 times a year 

(5)-once a year 

(6)-never 

Item Analysis 

User 

Teacher attitude towards instructional innovation may be a potent factor which 

fundarnentally affects the success or failure of the innovation. In this research. 

teacher attitude was measured by two separate variables ("teacher computer use 

attitude" and "curent instructional uses wio FABL"). each a composite of results 

from several items. 

Nonuser 

"Teacher computer use attitude" was produced from survey items associated 

with teachers' perceptions about the ideal use of the computer as an instructional 

aid. Generally. if teachers responded that a high use of computer technology is 

"ideal use" then these teachers were portraying a very positive attitude about the 

role of the computer during physics instruction. On the other hand. low "ideal 

use" scores implied a negative attitude. The variable was constructed by the 

6.46% 

11.31% 

14.9896 

8.55% 

55.4796 

35.98% 
43.50% 

32.09°!0 

64.0296 

9.76'?!0 

3.02% 

4.19% 



addition of responses from "ideal computer use" items (see Table 4.2). As 

reported previously. ideal computer use items, originally Likert scale data, were 

recoded as 1 - user or 2 - nonuser. therefore, the range of the teacher computer 

use attitude variable was from 6 - a very positive attitude to 12 - a very negative 

attitude. Teacher responses with incomplete ideal use data were considered 

missing and dropped from the item analysis. Nonetheless. the ideal use data 

had an acceptable alpha reliability of 0.7668. The item results indicated teachers 

display a very positive attitude towards instructional computer use (see chart 

Question - responses recoded to 1 (positive attitude) and 2 (negative attitude) 

Which best describes what you believe the ideal frequency of your use of 
demonstration Drograms for ptbsics instruction shouid be: 

\&hich best describes what yog believe the ideal frequency of your students' use of 
drill-and-practice programs for physics instruction should be: 

\&hich best describes what you Selieve the ideal frequency of your students' use of 
!aboratory simulation programs for physics instruction should be: 

\Nhich Sest describes what you ~e l ieve the ideal frequency of your students' use of 
tutorial programs for physics instruction should be: 

Which best describes what you be{ieve the ideal frequency of your use of classroom 
management programs for physics instruction should be: 

'Nhich best describes what you Selieve the ideal freçuency of your students' use of 
computers as a laboratorj tool for physics instruction should oe: 

Cronbach alpha reliability = 0.7668 

Table 4.2: Cornputer use attitude variaoie 

Std. Deviation 
7-14 

Codinç 
orcinal vananie. caqe !rom 6 

(Positive artituael 10 : 2  inegative airi:udel 
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Chart 4.1 Teacher Cornputer Attitude 

The "Current instructional uses wlo MBL" variable is a measure of present 

computer instructional use excluding MBL. It was constructed by the addition of 

responses from "computer use" items (excluding MBL use a total of five items, 

see Table 4.3). Similar to the computer use attitude analysis. originally Likert 

scale data. were recoded as 1 - users or 2 - nonusers. therefore. the range of 

the teacher computer use (wio MBL) variable was from 5 - high use to 10 - no 

use. Teacher responses with incomplete computer use data were considered 

missing and dropped from the item analysis. The remaining items had an 

acceptable alpha reliability of 0.7317. 

Besides indicating teacher attitude towards computer use, this variable offers 

insight into teacher computer skill level and openness to instructional innovation. 



At the time of the survey's completion, any physics curriculum-technology 

integration would have been at the discretion of individual teachers, since few 

Department of Education or School Board directives in this area existed. 

Teachers who responded as users of computer ïechnology during instruction. 

L T r  Question - responses recoded to 1 (user) and 2 (nonuser) 

Which best describes your current frequency of use of demonstration programs for 
physics instruction: 

Which best describes your students' current frequency of use of drill-and-practice 
programs for physics instruction: 

Which besi describes your students' current frequency of use of Iaboratory 
simulation programs for physics instruction: 

Which best describes your students' current frequency of use of tutorial procjrams 
for physics instruction: 

Which best describes your current frequency of use of classroom management 
programs for physics instruction: 

Cronbach alpha reliability = 0.7317 

i 

blean Median Mode Coding 

8.34 9 9 
'ld+ 

orcinai vanaoie: ange from 5 1.44 (very hign use) ic 10 (no use) 

Table 4.3: Computer use for science instruction (exchdino MBL). 

therefore, showed a willingness to try new rnethods and possibly improve their 

teaching, which implied that they possessed the necessary skills to choose the 

computer as the instructional aide. Microcomputer based laboratory use is 

excluded from the variable. since other instructional uses may be a powerful 



indicator of MBL use and this association will be exarnined in this research. in 

other words. teachers who are already familiar with instructional computer use, 

and have the available resources may be mors inclined to try MBL. With 

developed cornputer skills. these teachers should produce more effective 

student-MBL sessions. thereby irnproving student physics achievement. Results 

indicated that teachers choose "nonuser" . i.e.. once a year or never. to many of 

the "current use" items (see chart 4.2) which indicated an overall low level of 

computer integration. For example. 24.0% of teachers sampled were complete 

nonusers. while another 34.7% were computer users in only one area of 

instruction. It appears that teachers have positive attitudes towards the 

incorporation of computer technology into classroom instruction (see char! 4.1 ). 

however. based on responses to current use items (see chart 4.2) other 

extraneous factors are limiting their ability to do so. 

** -. .... ..... . a . .  

-.'.'.m.' ..... .... AL- 

Chart 4.2: Teacher cornputer use (wio MBL) 

84 



Data Gathered and Survey Results 

The Students 

As stated previously. the Physics 3204 student sample analyzed by this r e s e a r c h  

was selected by the Newfoundland Department of Education. It was selected 

with the intent of producing an acadernically diverse sample that had 

approximately equal gender and geographic representation. The sample chosen 

waç comprised of 1688 students taught by 84 teachers (representing 

83 schools). The students were of 55.2% males and 44.6% females with the 

majority (91.1 %) between the ages of 17 and 16. The students' geographic 

location was split alrnost equally between rural and urban Newfoundland (rural - 

40.9%. urban - 50.1%). Since each school represented in the sample did not 

contribute equal number of students. the sample schools' geographic locations 

are divided 60.0% rural. 38.8% urban.  

The students' Physics 3204 public exam achievement, consistent with 

province-wide statistics. was distributed normally around a mean of 58.02 (see 

table 3.4 a n d  charts 4.3 and 4.4). 



Physics 229J Final Alark 

Chart 4.3: Distribution of Student Physics 2204 Marks 

Chart 4.4: Distr~butior; of Siudent =hysics 3204 Public 
Exam Marks 

Coding 

Physics 3204 public j8,02 1 55 cc actual vaiues 
exam mark 

Table 4.4: Student Physics acnievemrt 



The Teachers and Schoois 

Data gathered pertaining to the teachers and their schools. provided an 

interesting snap-shot of Newfoundland's typical physics learning environment 

(see table 4.5 and 4.6). Of the physics teachers within this sample; 45.2% have 

a level six certification (meaning they have completed a minimum of 60 university 

credits); 90.8% have more than one year of microcornputer experience; and; 

52.6% of them studied physical science at the post secondary level. Their 

teaching and teaching physics experience. however, is much more diversified. 

with 66.2% having more than 10 years of teaching experience. while only 48.7% 

having similar experience in physics teaching (see Table 4.5). The school and 

classroom environment of the research sample was, in many respects. typical for 

the majority of Newfoundland teachers. Within the sample of schools: 60.7% are 

in rural areas (39.3% urban); 31.8% have a student population between 251 and 

350 (see chart 4.5): and: 52.49'0 have a pupil-teacher ratio between 14.1 to 19.5 

(see chart 1.6). The types of schools within the sample are almost equally 

divided between al1 grade (23.8%), 7-12 (42.9%) and high (33.3%). It was 

assurned that schools with greater than 250 students (75.2 %) would have the 

necessary budget to acquire the adequate laboratory facilities. Moreover. 

pupil-teacher ratios below 20 (78.6%) would seem to be conducive for practical. 

and technoloçy assisted. physics instruction. 
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Chart 4.5: Distribution of School Enrolment 
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Variable 

Teacher Certification Level 

Teacher Microcornputer Experience 
mean: 2.68 
rnedian: 3 
mode: 2 

Std. Dev: 0.91 

Teaching Experience 
mean: 13.68 
median: 14.5 

mode: 20 
Std. Dev: 8.01 

Physics Teaching Experience 
mean: 9.96 
rnedian: 9 
mode: 2 

Std. Dev: 7.52 

Table 4.5: Teacher background data 

Vat ue 
4 

5 

6 

7 

0-1 year 

1-4 years 

5-9 years 

10-20 years 

1 4  years 

5-9 years 

10-1 4 years 

15-20 years 

27 -24 years 

25-30 years 

1 4  years 

5-9 years 

10-14 years 

15-20 years 

25-30 years 



Chart 4.6: Distribution of Pupii Teacher Ratio 

These assumptions. however. are not supported by the survey results pertaining 

to physics instruction. Surprisingly, 54.1 O/* of the teachers who responded 

offered "insufficient" (based on recoding of data) student lab tirne per unit of 

instruction. Obviously the majority of teachers were not completing the minimum. 

required laboratory exercises. therefore. due to the level of treatment. any effect 

of student practical experience on physics achievement would be diminished. 

Mean / Median / Mode 1 
Std- I l 

Coding 

pupil teacher ratio 

school type 

- -- 

Table 4.6: School-classroom background statistics rai nultizle m c e s  exist. Tne smaitest ,raiue 1s stiown 
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lab tirne 

16.71 

4.3 

16.13 

4 

school location j - 

16.18'a1 

321.5 school enrolment 

l - 

385.58 

4.01 

4 - .  , = .: ncur 2 = 2 h o m  
2 = 1 hour 3 = 2 haun 
1 ,=1 ; ;Pau r  Û=>3haurs  

- 1 0.49 

jJ6 1 229*°2 

1 

actual values 
;range from 8.42 to 28.741 

0.75 

i = u r ~ a r ~  2 = nirai 

ac:i;ai .,aues 

, 

irsnçe rrcm io to I Z O ~  

4 

: = K - 1 2  2 = 7 - 1 2  
3  = 70 - 12 

1.3 



Current instructional computer use results (see chart 4.7) indicated the rnajority 

of teachers within the sample presently use technology in very limited roles. 

MBL use and classroom management (Le.. spreadsheets for marks. 

wordprocessors for test construction. etc.) were the only instructional uses in 

which the majority of teachers were users (55.3% and 69.3% respectively). 

Overall. current computer instructional use was not widespread; however, most 

of the teacher's in the sample believe that high computer use is the ideal method 

of instruction (see chart 4.7). It appears that a vast majority of teachers believe 

that computer technology should be integrated throughout the physics 

curriculum. The statistics indicated a contradiction between a teacher's actual 

methods of instruction and what they believe those methods should be. It may 

be very difficult to delineate why. with such a positive teacher attitude. computer 

technology is underutilized. This research attempted. however, to determine 

some of the intervening factors. 

3emc 2nU J 2r3c L ~ D  Slm Tr;lcr 

Purpose of Computer Use 

Chart 4.7: Distribution of Computer Uss 
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Data Analysis 

To explore the research questions posed, four separate multiple regression 

analyses were performed on each of three dependent variables (public exam 

achievement. school-based achievement. and MBL use). For each achievement 

dependent variable, the analyses included the treatment variable (MBL use), and 

a control for student background and pre-treatment ability (Physics 2204 

achievement). The achievement dependent variables were then analyzed with 

each one of the three groups of potentially associated independent variables, i.e.. 

with either the group of classroom variables, teacher variables, or school 

variables. Once completed, a fourth multiple regression was performed which 

included what the previous analysis revealed to be the "best" predictors of 

variance in the independent variable (Le.. an atternpt to produce the most 

descriptive model). The choice of "best" regression model was based on the 

three earlier analyses and the relevant literature. The method of analyzing the 

association of ciassroom (teacher and school) variables with the achievement 

dependent variables. then producing the most descriptive model was repeated 

on the third dependent variable PvlBL use. 

Tne multiple regression method of statistical analysis was chosen based on 

Kerlinger and Pedhazur's (1973) stated advantaoes of multiple regression over 



other statistical methods: 

':..multiple regression is often the best method of analysis of 
nonexperimental data..multiple regression analysis is suited to 
almost any nonexperimental research in which there are several 
independent variables and one dependent variable (or one 
dependent variable at a tirne). No matter what the scales of 
measurement or what the kind of variable. useful analysis can be 
done and interpretations made. " (p. 445) 

Research. like this study. involving different types of dependent and independent 

variables. therefore. demands multiple regression rather than ANOVA analysis. 

Furthermore. Pedhazur (1 997) comments that multiple regression and ANOVA 

are equivalent when including categorical variables. however, with the inclusion 

of both categorical and continuous variables multiple regression is superior. 

Pedhazur states: 

"The most important reason for preferring MR to ANOVA is that i t  is a more 
comprehensive and general approach on the conceptual as well as the analytic 
level. On the conceptual level. al/ variables, be they categorical or continuous, 
are viewed from the same frame of reference: information available when 
attempting to explain or predict a dependent vôriable. On the analytical level, 
too. different types of variables (Le.. categorical and continuous) can be dealt 
with in MR." (Pedhazur. 1997. p.405) 

Pedhazur (1 997) does warn. however. that results of multiple regression 

calculations involving categorical dependent variables require careful analysis as 
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to avoid incorrect conclusions. Mindful of Pedhazur's (1 997) concerns and 

based on personal conversations with Mr. Jeff Bulcock (See Appendix B). the 

mode of analysis chosen for this study was multiple regression. 

Ueseatch Question t : Factors Affecting Public Exam Achievement 

average 
public exam 
mark 

school 
location 

school 
en rolment 

current MBL 
use 

average 
Physics 2204 
mark 

Mean 

Standard 
Deviation 

average average school school current MBL Physicç 2204 
public exam location enrolment use mark mark 

Note: ' P < 0.05, "P c 0.01. ""P < 0.001 

Table 4.7: Correlations between Average Public Exam Mark and school-related background 
variables 



1s MBL use associated with student achievement on the Physics 3204 Public 

Exam? Table 4.7 shows the Pearson correlations between school-related 

factors. MBL use. Physics 2204 mark and the average public exam mark. The 

results indicate that significant correlations exist between school location and 

average public exam mark (-0.304, p < 0.01 indicating urban schools have higher 

average public exam marks); school enrolment and average public exam mark 

(0.288. p < 0.01 indicating larger schools produce higher average public exam 

marks); school enrolment and school location (-0.527. p c 0.001 indicating that 

urban schools tend to be larger schools); and: average Physics 2204 mark and 

average public exam mark (0.583. p c 0.001 indicating that teachers with a high 

average Physics 2204 mark tend to have a high Physics 3204 mark). 

Table 4.8 shows the results of the regression analysis performed on the average 

public exam mark using schooi-related background variables. The regression 

mode! was significant at the p c 0.001 level and explained 39.4% of the variance 

in the average public exam mark. Two variables. MBL use and average Physics 

2204 mark. were significantly related to the average public exam mark. The beta 

weight of carrent MBL use (-0.208) indicates that teachers who were users of 

klBL methods were more likely to have higher average public exarn marks. As 

expected, the beta weight of average Physics 2204 mark (0.623) was high and 

significant. It seems very logical that teachers who produce students with high 



Physics 2204 marks will produce similar results in Physics 3204 achievement. 

Student background. student ability. school resources. teacher background, and 

teaching methods are uniikely to significantly change from one year to the next. 

therefore. the variables that produced a particular Physics 2204 achievement will 

have a similar affect on Physics 3204 achievement. The other school-related 

background variables did not reveal any significant effect on the regression 

model. 

De pendent Variable: Average Public Exam Mark 

l ndependent 
Variable 

school location 

schooi enrolment 

current MBL use 

average Physics 
2204 mark 

B SE i3 Beta T Sig T 

Multiple R 0.703 F value 15.108 

R Square 0.494 Sig. of F 0.000 
Standard 
Error 6.5888 

Table 4.8: htultiple regression analysis results for school-reiated background variables on 
Average P~iblic Exam Mark 



Table 4.9 shows the Pearson correiations between teacher-background factors. 

MBL use. Physics 2204 mark and the average public exam mark. The results 

indicate that many significant correlations exist between teacher-background 

variables. Noteworthy is the correlation between average public exam mark and 

teacher's major (-0.248, p c 0.05). The negative coefficient implies that teachers 

who are physical science majors are more likely to have high average public 

exam marks. This relationship. however, did not have a significant effect within 

the regression analysis. 

Table 4.10 shows the results of the regression analysis performed on the 

average public exam mark using teacher-background variables. The regrossion 

model was significant at the p c 0.001 level and explained 44.1 O/O of the variance 

in the average public exam mark. Only one variable. the average Physics 2204 

mark, was significantly related to the public exam mark. As expected. the beta 

weight of average Physics 2204 mark (0.622) was high and significant. 





Dependent Variable: Average Public Exam Mark 

lndependen t 
Variable 

years teacher micro 
experience 

teacher's major 

years teaching 
experience 

teacher certification 

current MBL use 

average physics 
2204 mark 

Multiple R 

R Square 
Standard 
E rrn r 

B SE B Beta T Sig T 

O. 664 F value 7.239 
0.441 Sig. of F 0.000 

7.0142 

Table 4.10: blultiple regression anaiysis results for teacher-background variables on Average 
Public Exam Mark 

Table 3.1 1 shows the Pearson corretations between classroom-related factors, 

MBL use. Physics 2204 mark and the average public exam mark. The results 

indicate that several significant correlations exist between classroom-related 

variables, however. only the average Physics 2204 mark was significantly 

corretated with the average public exam mark. It appears that classroom 

variables such as student lab tirne. other instructionai computer use and teacher 

attitude toward computer technology have little effect on the public exam 



outcornes. This statement is further strengthened by the regression analysis 

results. 

Table 4.12 shows the results of the multiple regression analysis performed on the 

average public exam mark using classroom-related background variables. The 

regression model was significant at the p c 0.001 level and explained 43.1% of 

the variance in the average public exam mark. Once again only the average 

Physics 2204 mark variable was significantly related to the public exam mark. 

Dependent Variable: Average Public Exam 

lndependent 
Variable 

average Physics 
2204 mark 

student Iab time 

curren t instruct 
uses (wlo Rt BL) 

current MBL use 

teacher computer 
use attitude 

Multiple R 

R Square 
Stacdard 

B SE B Beta T Sig T 

0.545 0.759 0.075 0.71 8 0.476 

0.657 F value 8.803 

0.431 Sig.ofF 0.000 

6.8439 

Table 4.12: Multiple regression analysis results for classroom-related Sackground variables on 
Average Pubiic Exam Mark 
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Determining the variables to include in the final, most descriptive multiple 

regression model is very difficult for the dependent variable average public exam 

mark. Based on the three analysis completed. only average Physics 2204 mark. 

in other words. how students achieved in the past. has been a significant factor 

with al1 three groups of variables. The only other significant factor was MBL use 

when it was regressed with school-related factors. The final multiple regression 

for this independent variable. therefore. must include MBL use and average 

Physics 2204 mark. The other variables for this model were selected because 

they were the most significant (although not meeting the p < 0.05 level) and they 

were reasonable. potentially influential variables. Table 4.14 shows the Pearson 

correlations Setween background variables. MBL use. Physics 2204 mark and 

the average public exam mark. The results indicate that several significant 

correlations exist between background variables. In particular, a teacher's 

microcomputer experience appears to be a powerful predictor. since it 

significantly correlates with average public exam mark. teacher certification. 

school enrolment, and MBL use. 

Table 4.1 3 shows the results of the multiple regression analysis performed on the 

average public exam mark using background variables. The regression model 

was significant at the p c 0.001 level and explained 55.7% of the variance in the 

average public exam mark. Two variables. years teacher microcomputer 

experience and average Physics 2204 mark. were significantly related to the 
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public exam mark. The beta weight o i  years teacher microcomputer experience 

(0.230) indicates that teachers who have more microcomputer experience were 

more likely to have higher average public exam marks. The highly correlated 

average Physics 2204 mark had a beta weight of (0.687) which seems to verify 

that students who previously succeeded in physics will continue to do so. The 

other background variables, including MBL use. did not reveal any significant 

effect on the regression model. 

-- 

Dependent Variable: Average Public Exam Mark 

Independent 
Variable 

years teacher micro 
experience 

teacher certification 

school enroiment 

student tab t h e  

current MBL use 

average Physics 
2204 mark 

Multiple R 

R Square 
Standard 

- 

B SE B Beta T Sig T 

O. 846 0.1 14 0.687 7.404 0.000 

0.747 F value 11 540 

0.537 Sig. of F 0.000 

6.201 Error 

Table 4.13: Multiple regression between Average Public Exam Mark and background variables 





Research Question 2: Factors Affecting School-Based 

Achievement 

Does MBL use affect student achievement on school-based evaluation? As 

noted previously. this variable may be the more reliable and vaiid indicator of 

physics achievement. Table 4.1 5 shows the Pearson correlations between 

school-related factors, MBL use, Physics 2204 mark and the average school 

mark. The results indicate that significant correlations exist between school 

location and school enrolment (-0.527. p < 0.001 ), and average school mark and 

average Physics 2204 mark (0.703, p c 0.001 ). 

average 
average school school current MBL Physics 

jchool mark location enrolment use 2204 mark 

average school 
mark 

school location 

school enrolmenl 

current MBL use 

average Physics 
2204 mark 

Standard 
Peviation 

Table 4.1 5: Correlations between Average Schaol Mark and scnool-relaied Sackground variables 

1 O4 



Table 4.16 shows the results of the regression analysis perforrned on the 

average school mark using school-related background variables. The regression 

mode1 was significant at the p < 0.001 level and explained 51.8% of the variance 

in the independent variable. Only one variable the average Physics 2204 mark 

was significantly related to the school mark. The beta weight of average Physics 

2204 mark (0.707) was high. which indicates that teachers of Physics 2204 and 

Physics 3204 produce consistent class averages. The other school-related 

background variables did not reveal any significant effect on the regression 

model. 

Dependent Variable: Average School Mark 

Inde pendent 
Variable Beta Sig T 

school location 

cuvent MBL use l 1.317 -0.044 -0.491 0.625 

school enrolment 

average Physics 
2204 mark 

1 0.71 1 

3.364~10" 0.003 0.01 1 0.106 0.916 

Multiple R 0.720 F value 16.668 

R Square 0.518 Sig. of F 0.000 
Standard 
Error 5.2040 

Table 4.f 6: klultiple recrsssion betiueen Average Scnool Mark and school-related background 
variables 



Table 4.1 7 shows the Pearson correlations between teacher-background factors. 

MBL use. Physics 2204 mark and the average school mark, and Table 4.18 

shows the results of the regression analysis performed on the average school 

mark using teacher-background variables. The regression model was significant 

at the p < 0.001 level and explained 51.6% of the variance in the dependent 

variable. Again, the average Physics 2204 mark was the only significant factor 

related to the average school mark. The high beta weight for average Physics 

2204 mark indicates why this mode1 is significant and can explain 51.6O/0 of the 

variance in the average school mark. The other teacher-background variables 

did not reveal any significant effect on the regression rnodel. 



average scliool 
riiar k 

years teacher 
micro experierice 

leactier's niajor 

years Leaching 
experierice 

A 

O 
teaclier 
certilica tion 

currerit MBL use 

average Ptiysics 
2204 riiark 
- -- 

Meari 

Deviat ion 

years tcactier years average 
average tcaclier's teacher micro leactiing 

sclioal mark major certificatiori 
Physics 2204 use 

experience mark 

Note: ' P < 0.05, '"P < 0.01, ""P < 0.001 

Table 4.17: Correlûlions between Average Sctiool Mark and teacher-11ackgroirnr1 variables 



Dependent Variable: Average School Mark 

Independent 

years teacher micro 

teacher's major 

years teaching 

teacher certification 

current MBL use 

average physics 

Multiple R 

R Square 

Standard 

B SE 8 Beta T Sig T 

0.752 0.101 0.740 7.483 0.000 

0.71 9 F value 9.791 

0.516 Sig.ofF 0.000 

5.2232 

1 able 4.18: Muttiple regression between Average School Mark and teacher-background 
variables 

Table 4.20 shows the Pearson correlations between classroom-related factors, 

MBL use, Physics 2204 mark and the average school mark, and Table 4.1 9 

shows the results of the regression analysis performed on the average school 

mark using classroom-related background variables. The regression model was 

significant at the p < 0.001 level and explained 58.3% of the variance in the 

dependent variable. Average Physics 2204 mark was the only significant factor 

related to the average school mark. The other teacher background variables did 



not reveal any significant effect on the regression model. For this exploratory 

research, however. it can be argued that student lab time has an acceptable 

significance (p = 0.052). The negative beta weight of student lab time (-0.180) 

indicates teachers who spend less time doing lab activities are more likely to 

produce students with higher school marks. What at first appears to be a 

surprising relationship could simply be the result of spending more time reviewing 

for evaluations or at "seat work" than hands-on physics. 

Dependent Variable: Average School Mark 

l ndependent 
Variable 

average Physics 
2204 mark 

student lab time 

current instruct 
uses (w/o MBL) 

current MBL use 

teacher computer 
use attitude 

0 SE B Beta T Sig T 

Multiple R 0.764 F value 16.245 

R Square 0.583 Sig. of F 0.000 
Standard 
Error 

4.9771 

Table 4.19: Multiple regression between Average School Mark and classroom-related 
background variables 





The multiple regression analysis completed on average school mark indicates 

that only the average Physics 2204 mark had a significant effect. For this 

exploratory research the significance of student lab time is acceptable and will be 

included in the final regression model for this independent variable. Other 

variables, however. were selected because they were the most significant 

(although not meeting the p < 0.05 level) and were considered potentially 

confounding variables. 

Table 4.22 shows the Pearson correlations between background variables. MBL 

use. average Physics 2204 mark and the average school mark, and Table 4.21 

shows the results of the regression analysis performed on the average school 

mark using background variables. The regression model was significant at the 

p < 0.001 level and explained 61.2% of the variance in the average school mark. 

As seen in the first research question (pertaining to average physics public exam 

mark), the average Physics 2204 mark is a powerful factor influencing Physics 

3204 achievement. The other background variables. including MBL use. did not 

reveal any significant effect on the regression model. Student [ab time, however, 

appeared to be a confounding variable which affected student physics 

achievement. It was a significant factor affecting the average school-based mark 

when controlling for classroom factors and. when regressed in the summative 

analysis. its significance was 0.093. Although not meeting the required 0.05 



level, it suggests a reiationship with physics achievement masked by other 

variables. Investigating this relationship, if any, is outside this research and will 

be lefi for further study. 

Dependent Variable: Average School Mark 

Independent B SE B Beta T Sig T 

years teacher micro 

school location l -Owgg6 
1.439 -0.066 -0.692 0.492 

0.91 7 0.891 0.1 10 1,029 0.308 

teacher certification 0.491 0.405 0.1 16 1.212 0.231 

student lab time 

current MBL use 1 0.495 1.619 0.033 0.306 0.761 

Multiple R 0.7821 5 F value 14.44381 

R Square 0.61 175 Sig.ofF 0.000 

Standard 4.92464 

0.869 

average Physics 

Table 4.21: hlultiple regressron Setween Average School Mark and background variables 

0.808 





Research Question 3: Factors Affecting MBL use 

What factors effect MBL use? Suwey results show that 55.3% of the teachen 

who responded considered themselves users of MBL. Although MBL use had 

the second highest computer usage rate. this level is far below what the teachers 

thought was ideal (97.3% thought high usage was ideal). The lack of any 

relationship between MBL use and physics achievement rnay be attributed to the 

low. or sporadic amount of actual MBL activities. 

Table 4.23 shows the Pearson correlations between school-related factors and 

MBL use. The results indicate only the expected significant correlation between 

school location and school enrolment (-0.520. p < 0.001 ). The correlation 

confirms that it is more likely that larger schools are iocated in urban areas. 

Table 4.24 shows the results of the regression analysis of school-related 

background variables performed on the independent variable MBL use. The 

regression model was not significant, therefore. suggesting that school factors 

are not related to MBL use. The typical explanation for low MBL use. lack of 

resources (which is usually attributed to small. rural schools). is not substantiated 

by this multiple regression 



current MBL use 

school location 

school enrotment 

MBL schoo~ iocation school 
use enrolment 

Mean 

Standard Deviation 

Note: ' P < 0.05, '*P < 0.01, "'P c 0.001 

Table 4.23: Correlations between Current MBL Use and school-related 
background variables 

Dependent Variable: Current MBL Use 

Independent 
Variable 1 Beta Sig T 

school location -0.064 0.140 -0.062 -0.458 0.649 

i 

Multiple R 0.AOO F value 0.369 

R Square 0.01 0 Sig. of F 0.692 

school enrolment 

Standard Error 0.5048 

<0.001 0.000 -0.1 17 -0.859 0.393 

Table 4.24: Multiple regression analysis resuits for background school-related variables on 
Current MBL Use 



Table 4.25 shows the Pearson correlations between teacher-background 

variables and current MBL use, and Table 4.26 shows the results of the 

regression analysis performed on the current MBL use using teacher-background 

variables. The regression model was significant at the p c 0.001 level and 

explained 31.5% of the variance in the dependent variable. Two variables. 

years teacher microcomputer experience and teacher major, were significantly 

related to MBL use. The beta weight of years teacher microcomputer experience 

(-0.425) indicates that teachers who have a high level of microcomputer 

experience were more likely to be MBL users. The beta weight of teacher major 

(0.114) indicates that teachers with a post-secondary background in the physical 

sciences were more iikely to be MBL users. The other teacher-background 

variables did not reveal any significant affect on the regression model: however. 

for this exploratory research it can be argued that teacher certification has an 

acceptable significance (p = 0.06). The beta weight of teacher certification 

(0.223) shows that teachers with lower certification levels are more like to be 

MBL users. 



current MBL use 

years teacher 
mtcro experience 

teacher's major 

years teaching 
experience 

teacher 
certification 

Standard 
Deviation 

years teacher 
current MBL micro years teacheis teaching teacher 

use experience major experience certification 

Note: ' P c 0.05, "P < 0.01, '"'P < 0.001 

Table 4.25: Correlations between Current MBL Use and teacher-background variables 

Dependent Variable: Current MBL Use 

l ndependent 
Variable 

years teacher micro 
experience 

teacher's major 

years teaching 
experience 

teacher certification 

i'vlultiple R 

R Square 

- -- 

B SE B Beta T Sig T 

0.502 F value 6.563 

0.31 5 Sig. of F 0.000 

Standard Error 0.4258 

Table 4.26: hlultipie regression analysis results for teacher-backgrognd variables on Current 
M L  Use 



Table 4.27 shows the Pearson correlations between classroom-related variables 

and MBL use. and Table 4.28 shows the results of the regression analysis 

performed on the MBL use using classroom-related variables. The regression 

model was significant at the p < 0.001 level. however. it only explains 26.5% of 

the variance in MBL use, which leaves 73.5% unexplained. The beta weight 

(0.458) of the only significant variable, current instructional uses (wlo MBL), 

indicates that teachers who utilize the computer for instruction in other modes are 

more likely to be MBL users as well. This high beta weight and level of 

significance suggests that MBL use is closely related to overall instructional 

computer usage. In other words. teachers are either computer users. in many 

modes of physics instruction (of which MBL is one part), or they are complete 

nonusers. The other classroom-related variables did not reveal any significant 

effect on the regression model. Most notable student lab time, often considered 

related to MBL use. was not a significant factor. 



current MBL use 

student lab time 

current instruct 
uses (wio FV1BL) 

teacher computer 
use attitude 

Standard 
Deviation 

current MBL student lab current teacher 

use time instruct uses computer use 
(wlo MBL) attitude 

Note:' P < 0.05. "P c 0.01, "'P < 0.001 

Table 4.27: Correlations between Current MBL Use and cîassroom-related 
backçround variables 

Dependent Variable: Current MBL Use 

Independent 
Variable SE 0 Beta Sig T 

- 

student lab time 0.179 O. 1 06 

current instruct 
uses (wio MBL) 

1 

Multiple R 0.51 5 F value 8.293 

R Square 0.265 Sig. of F 0.000 

0.159 0.038 0.458 4.161 0.000 

teacher corn puter 
use attitude 

Standard Error 0.4359 

-2,904x1 0.047 -0.067 -0.618 0.538 

Table 4.28: hlultiple regressron analysis resurts for classroom-related background variables on 
Current FvlBt Use 



Further analyzing the three multiple regressions reveals that school-related 

factors have little significant reiationship with MBL use. Conversely, both 

classroom-related and teacher-background variables produced significant 

multiple regression models that could account for 26.5% and 31.5% 

(respectively) of the variance in MBL use. For this reason school-related 

variables were omitted from the final multiple regression model for the variable 

MBL use. All previously significant factors (years teacher microcornputer 

experience, teacher's major and current instructional computer use wlo MBL) 

were included. as well as the most promising variables: student lab time 

(p = 0.094), years teaching experience (p = 0.094). and teacher certification 

(p  = 0.060). 

Table 4.30 shows the Pearson correlations between background variables and 

MBL use. The results indicate that several significant correlations exist between 

background variables and MBL use. Further examination reveals that, besides 

teacher's major. the sarne variables that significantly correlate with MBL use also 

significantly correlate with current instructional computer use (wlo MBL). This 

further strengthens the statement that MBL use and overall instructional 

computer use are closely related. 

Table 4.29 shows the results of the multiple regression analysis performed on 

MBL use using background variables. Tne regression model was significant at 



the p c 0.001 levei and explained 46.4% of the variance in MBL use. Five of the 

six variables entered were significant at the p < 0.05 level. The strongest factor. 

with a beta weight of 0.292. was current instructional computer use (wlo MBL). 

which indicates that teachers who already utilize the computer for other 

instructional needs will more likely utilize it for MBL purposes. This multiple 

regression also indicates that a teacher who likely uses MBL will have a lower 

than average teacher certification, will have an academic background in the 

physical sciences. and will have a more than average number of yean 

microcomputer experience. Furthermore, this teacher will most likely spend a 

greater amount of instructional time doing laboratory physics activities. The other 

background variable, years teaching experience. did not reveal any significant 

effect on the regression model. 



ciirrenl MBL ilse 

teactier 
cert i f  icalion 

ciirrcnt 
instriictional iiscs 

2 (W/O MBL) 
hl 
h, 

years leaclier 

years teact~irig 
cxperierice 

slucleril lab tiriie 

Slaiickir c l  
Deviat ion 

ciirrenl years teacher years 
curreiit MBL teaclier teact~er's iiistructioiial niicro teactiing 

studeiit lab 
use certification major uses tiiiie 

(W/O MBL) experierice experience 

Note: ' P < 0.05, "P c 0.01, "'P < 0.001 

Table 4.30: Correlations between Ciitrerit MBL Use aiid hackgroiintl variables 



lndependent 

teacher certification 

teacher's major 

current instructional 

years teacher micro 

years teaching 

student lab time 

Multiple R 
R Square 

Standard Error 

Dependent Variable: Current MBL Use 

Beta Sig T 

-0.077 0.036 -0.204 -2.155 0.035 

0.681 39 F value 9. 10034 

0.46430 Sig. of F 0.000 

0.38323 

Table 4.29: Multiple regression analysis results for background variables on Current MBL Use 



CHAPTER FlVE 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Summary of Analysis 

This research was designed to investigate the effect of student Microcornputer 

Based Laboratory activities on achievement in Physics 3204. Achievement in 

Newfoundland's 3000 level science courses was measured by averaging 

school-based, and public exam marks. Each individual value, however, indicates 

a different type of physics achievement. The school-based mark is calculated, by 

the teacher, from various classroom evaluations such as. unit tests. quizzes. 

assignments, and laboratory work. It represents a broader physics achievement 

that encompasses such practical skills as experimenting, graphing, observing, 

and so on. On the other hand, the public exam mark. produced by the 

Department of Education. describes achievement on a validated. criterion 

referenced. summative evaluation. This exam emphasizes mathematical 

problem soMng, knowledge and understanding of fundamental physics concepts. 



To explore any affect MBL may have on achievement, it is necessary to include 

both measures as dependent variables. 

Assacia!ed variables. the most important being the actual level of student MBL 

use. may, however, conceal MBL's affect on these two measurements of 

achievement. This research was designed, therefore, to control for classroom, 

teacher. and school factors, as well as investigate how these affect actual MBL 

use. Microcomputer Based Laboratories have only recently been introduced and 

promoted within the Newfoundland and Labrador school system: consequently, 

the level of MBL use may be so low that its affect on overall achievement is 

currently unmeasurable. To explore this, a third independent variable, current 

MBL use. was included within the research. If MBL proves to be associated with 

physics achievement then it is important to identify what conditions encourage its 

use. If MBL has no significant effect, then it is equally important to examine the 

level of MBL use to determine why it had no affect. and what educators rnay do 

to increase its use. 

Analysis of research question one, "factors affecting public exam achievement", 

did not determine any significant relationship between current MBL use and the 

average public exam mark. When controlling for school-related factors. current 

MBL use did show a significant relationship (beta = -0.208 indicating users were 



more likely to have higher average public exam marks, p c 0.05). however. this 

relationship was not evident in the summative multiple regression. In the 

summative regression the only two variables that indicated a significant 

relationship were, years teacher microcornputer experience (beta = 0.230). and 

average physics 2204 mark (beta = 0.687). Notable. is the powerful and 

significant affect that pre-physics 3204 ability (as measured by average physics 

2204 mark) has on the average public exam mark. Teachers with students that 

have done well in physics before will more likely produce a higher average public 

exam mark. This relationship is also very evident when analyzing research 

question two. 

Except pre-physics 3204 ability. analysis of research question h o ,  "factors 

affecting school-based achievement". also did not indicate any significant 

relationship (meeting p c 0.05) between classroom, teacher. school factors and 

the average school-based mark. For this exploratory research. student lab time 

was considered a predictor of average school-based mark while controlling for 

classroom factors. Teachers who spend less time doing laboratory activities 

were more Iikely to have higher average school-based marks. This relationship, 

however, was not substantiated in the summative multiple regression analysis for 

average school-based mark. Furthermore, the summative multiple regression. 

as with average public exam mark. did not show any significant relationship 



between current MBL use and the average schooi-based mark. Based on these 

analyses, therefore, current MBL use has no significant relationship with physics 

achievement. Examining the current level of MBL use (55.3% of teachers 

responded they were users) is necessary, therefore, to perhaps gain further 

insight. 

Analysis of research question three, "factors affecting MBL use", indicated that 

teacher and classroom factors were predominantly responsible for the levei of 

MBL use. The final multiple regression determined that teacher's certification 

level. teacher's academic background, current instructional computer uses 

(excluding MBL), teacher's microcomputer experience. and student lab time are 

significantly related to current MBL use. Teachers who are more likely to be MBL 

users. therefore, have many similar characteristics such as; a lower than average 

teacher certification level; a post-secondary degree in the physical sciences: and: 

more than 5% years of microcomputer experience. During instruction these 

teachers spend a greater than average amount of time doing laboratory work 

.and, are already using the microcomputer for other instructional needs. The 

regression analysis clearly indicates that a teacher's years experience. where 

they teach (i.e., rural or urban cornmunity), and the school size have no 

significant impact on the level of MBL use. 



Conclusions 

Physics Achievement 

This research suggests the only significant predictor of student performance in 

level three physics is their previous physics achievement. It is very likely that 

students study both Physics 2204 and 3204 under identical conditions. that is, 

the same teacher, school environment, and so on. Whatever enables or assists 

students to learn Physics 2204, for example, math ability. school resources, etc.. 

are still present when they are learning Physics 3204. hence they perform 

similarly. Surprisingly. however, school factors (enrolment, geography). teacher 

factors (academic background, years experience, certification level) and 

classroom factors (laboratory time) did not significantly predict achievement. 

These results appear to contradict several widely-held suppositions about the 

Newfoundland education system. 

Delineating what casual factors actually resuit in better student physics 

achievernent is outside this thesis, however, It has long been argued that larger, 

better equipped schools located in urban centers provide better educational 

opportunities and produce higher achieving students. The results of this 

research do not support this premise. Furthemore. the notion of more 



experienced, better educated teachers producing higher achievers is also not 

supported. The conditions that provide an optimum learning environment for 

physics are obviously more numerous and diverse than merely teacher 

qualification and physical surroundings. 

Microcomputer Based Labofatories 

Based on this research neither the average public exam mark nor average 

school-based mark is significantly related to the current MBL use in 

Newfoundland and Labrador schools. This research concludes, therefore. that at 

the present level of use. Microcomputer Based Laboratory activities have no 

significant influence on student school-based and public exam marks. Before 

definitively stating that MBL has no affect on student physics achievement. 

though. the issue of its use must be further explored. 

Firstly, under the broad definition presented in this research (a minimum of 2 to 5 

MBL activities a year). only 55.3% of teachers were classified as a MBL user. 

While this percentage appears high (second highest category of cornputer use. 

see chart 4.17) in fact it does not represent a high level of MBC usage 

considering this research did not explore MBL use details pertaining to the 



duration of activities, their topic and method of delivery. Perhaps activities 

performed rnay have been short, 15-minute confirmations of established 

principles. rather than the student-directed explorations discussed throughout 

education literature. A particular teacher may complete three MBL activities, 

hence classified as a user, however. they occur within one unit of study (for 

example, mechanics). This may bring about improved physics achievement in 

the area of mechanicç; on the other hand, it wouldn't have profound affects on 

comprehensive, sumrnaüve evaluations. It is unlikely that 2 to 5 short MBL 

treatments completed in a school year, perhaps concentrated in one area. would 

have a measurable affect on the students' public or school-based marks. The 

potential benefits of MBL. however, are understood by teachers, since 97.3% 

responded that being a MBL user was ideal. The possibility exists. therefore, 

that MBL's beneficial affects on student physics achievement have been 

unrealized because of a low level of teacher use. Consequently, if the 

introduction of MBL is to be worthwhile, factors affecting current MBL use must 

be investigated and information gathered to guide any promotion of MBL usage. 

This study indicates that current MBL use is not related to the school factors 

enrolment and geography (which are associated with the level of school 

resources and the socio-economic background of it's students). A possible 

reason given for low use; (lack of MBL materials) therefore, is unsubstantiated. 



Both large schools (with more financial ability) and small schools (typically with 

limited resources) have equal access to the necessary materials for MBL. It is 

unlikely, however, that all schools within the sample are sufkiently equipped to 

fully implement MBL. This may be the result of individual school or teacher 

priorities that do not highly value MBL; therefore, choose not to purchase the 

equipment. In summary, those teachers and schools who feel MBL is an 

important part of the physics curriculum usually equip thernselves. 

A highly significant relationship exists between current MBL use and the 

teacher-related factors; namely; certification level. academic background. 

microcornputer experience, current instructional computer use. and current 

laboratory time. Teachers who are most likely to be MBL users have an 

academic background in the physical sciences, greater than 5% years cornputer 

experience. level five teacher certification. currently utilize the computer to aid 

instruction, and. spend more time doing laboratory activities. Teacher attitude 

toward computer instructional integration is not a significant consideration, since 

96.1% have the attitude that moderate to high computer use is ideal. It appears 

that teachers who have a strong physics background, moderate computing skills, 

and. training on instructional computer use and the role of practical science 

experiences within the curriculum. possess fundamental skills that the typical 

MBL user requires. Future research must confirm andlor determine. however. 



these characteristics and essential skills which are comrnon to the MBL user's. 

Understanding the specific skills and abilities can ensure that future teacher 

training and insemice will be more successful. For example; to have greater than 

5% years corn pu ter experience, i .e., moderate computing skills, does not define 

what specific computer abilities teachers possess that enable them to be MBL 

users. MBL use, therefore, requires re-emphasis on teacher skills, not teacher 

attitudes and school resources. This re-emphasis can potentially shape post 

secondary education programs and curriculum inservice for science teachers, as 

well as school district hiring practices. 



Recommendations for Further Research 

This research has endeavoured to explore the relationship between 

microcomputer based laboratory activities and physics achievement. Being 

exploratory in nature, it has raised many questions that require further research. 

Subsequent conclusions may indeed be significant enough to shape the 

Department of Education's future science curricula development. Some 

worthwhile areas of further research are: 

1. An investigation of the relationship between MBL duration and level of 

physics achievement. 

2. An exarnination of the level of computer skills common to teachers that 

have successfully integrated MBL. 

3. The relationship of microcomputer based laboratories with other 

instructional computer uses. 

1. An exarnination of perceived hindrances ta MBL use. 
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TEACHER 

SURVEY 

By K. D. Bradley Clarke. Mernorial University 



90 Cowan Ave. 
St. John's, NF 
A l  E-3P3 

teacher's name 
school name 
community 
postal code 

Dear teachefs name: 

I am presently completing my master's programme in Curriculum 
(Science) at MUN. I have done al1 the course work and need only to finish rny 
Thesis: Factors affecting Physics achievement. 

To complete this thesis I must have certain information from a sampling of 
schools throughout the province. You and your school, school name, have been 
selected for me by the Provincial Department of Education. l have prepared a 
brtef suwey for the selected schools to complete and return. 

I realize that this is a VERY busy time of year for you. and therefore 
anything extra is an imposition on you - but the information required is 
absolutely vital to me. 'Nithout the information rny thesis will be put on hold till 
the fall, 

Would you please complete the questionnaire and return it at your very 
eariiest convenience. I shall be very grateful. and much obliged. 

Yours sincerely, 
(,and expectan tly ) 

Bradley Clarke 



SURVEY OF PHYSICS TEACHERS 

School: school name 
Name: 

RESOURCES 

Du you have experience using computers (for any purpose)? 

If you do. how long have you been using computers? 

How many computer stations are available for your physics classes? 

What software is available for physics instruction? 

-word processors -databases 
-spreadsheets -Vernier/Super Champ 
-0ther (please list) 

EXTENT OF COMPUTER USE 

The followtng is a series of questions that will determine the extent you use computer 
technology to aid Physics instruction. Please mark the response that best describes 
your situation or attitudes. 

The frequency of use categories is based upon a ten-month school year. The 
categories are: (1) once a day. ( 2 )  once a week. (3) once a rnonth. (4) 2 to 5 times a 
year. ( 5 )  once a year. and. (6) never. 

SCALE: 

(1 )-once a day (2)-once a week (3)-once a month 

(3)-2 to 5 times a year (5)-once a year (6)-never 



1. Demonstration Prosrams. These programs are used in the same 
way as blackboards and fitms are used, to illustrate a concept for an 
entire ctass. Examples: Making waves. or Artiliery. 

A. Which best describes your cuvent frequency of use of 1 2 3 4 5 6  
demonstration programs for physics instruction: 

B. Which best describes what you believe the ideal 
frequency of your use of demonstration programs for physics 
instruction should be: 

2. Drill-and-Practice. The use of computer programs to memorize 
iacts. such as formulae. Example; multiple choice software. 

A. Which best describes your students' current frequency 1 2 3 4 5 6  
of use of drill-and-practice programs for physics instruction: 

B. \Nhich best describes what you believe the ideal 
frequency of your students' use of drill-and-practice programs for 1 2 3 4 5 6  
qnysics instruction should be: 

3. Laboratorv Simulation Proarams. These programs simulate 
laboratory experiments on a computer system. Examples: Gravity or 
Newton's Law. 

A. Which best describes your students' current frequency 1 2 3 4 5 6  
of use of laboratory simulation programs for physics instruction: 

B. Which best describes what you beiieve the ideal 
frequency of your students' use of laboratory simulation programs 1  2 3  4  5 6 
for pnysics instruction should be: 

4. Tutorials. These programs provide explicit content instruction to 
students. Example; !ext-and-question software. 

A. Which best describes your students' current frequency 1 2 3 4 5 6  
of use of tutonal programs for physics instruction: 

B. Which best describes what you believe the ideal 
frequency of your students' use of tutorial program for physics 1 2 3 4 5 6  
:nstruction should be: 



5 .  Classroom Manaciernent Proarams. These programs help with the 
administration of daily teactiing. Exarnples: word processors, 
spreads heets, or data bases. 

A. Which best describes your current frequency of use of 1 2 3 4 5 6  
classroom management programs for physics instruction: 

B. Which best describes what you believe the ideal 
frequency of your use of classroom management programs for 
physics instruction should be: 

6. Laboratow Tool. The use of computers. along with additional 
interfaces, to capture, store, analyze and display experimental data. 
Exam ples; Super Champ, Vernier. 

A. Which best describes your students' current frequency 1 2 3 4 5 6  
of use of computers as a laboratory tool for physics instruction: 

B. Which best describes what you believe the ideal 
frequency of your students' use of cornputers as a laboratory tooi 1 2 3 4 5 6  
for physics instruction shoutd be: 

LABORA TORY AND COMPUTER USE 

1. While completing the requirements for a unit of work in 
Physics 3204: on average how many hours are spent Never '/t 1 2 3 More 
dorng practical laboratory work'? 

2. While doing laboratory work: how large are the student Whole Class 10 5 2 
groups? less 

3. Rank in order the following cornputer a~plications starting with the one most used 
and ending with the least used. 

- Photogate Interface - Thermometer Interface 
- Ammeter Interface - Voltmeter ln terface 
- Dynometer Interiace - Graphing Utilities 
- Word Processors 



4. If you use cornputer interfacing to aid physics instruction rank the following 
applications from most to ieast used. 

- Demonstrations 
- Classroom Instruction 
- Enrichment 

- labo ratory 
- Remediation 

1. What was your undergraduate major? 

2. What was your undergraduate minor? 

3. How many years have you taught? physics? 

4. When planning your course of instruction for Physics 3204 which text did you dectde 
to use? 

- F undamentals of Physics - Physics for a Modem 'Norld 

5. Please indicate the order you taught the units of Physics 3204: 

- Unit 1 Vector Kinernatics 
- Unit Il Dynamics 
- Unit 1 II Electrostatics 
- Unit Pf Curren t Elecfricity 
- Unit V Magnetism. Eiectromagnetism and Eiectromagnetic Induction 
- Unit V1 Elective 

6. Which elective unit(s) did you cornplete? 



APPENDIX B 

NOTES ON METHOD OF ANALYSE 



December 1. 1999 

To: Brad Clarke 

From: Jcff Bulcock 

RE. Notu  on Binary Dependeut Variablu 

Gerry asked me to comment on your Nov. 24' memo re. the appropriate estimator to use 

in a mode1 where ail the X's are continuous and the Y is binary (dichotomous). 

[Hirrorcol Aside: In 1955 my brother, Donald Bulcock and his pro/esor, Dr. 
.M. G. Kendall. were the firsr ro program a cornputer to esrimute a nvo-group discriminant 
Jimcrion. They used rlssembly lmguage because the compter  at rhe London School of 
Econornics was short in rhe memory deportment. F o r m  mon  rook over but had nor been 
invented in 1955.1 

For the reasons which follow 1, personaliy, do not use t w q r o u p  discriminant firnction 

anaivsis (DA). Like you (and Gerry) I use rcgression analysis within the general iinear mode1 

( G L W .  Bear in mind the following four points. 

Point 1. In 195 1 an obscure psyhologist cailed S.S.Stevens wote  a book on 

experirnentai psychology in which he identified the scales of measunment: nameiy. nominal. 

ordinal. interval. and ratio. Eve. incroductory stat text since that date has dutifully followed the 

Stevens's classification. Unfortunately. the nominal scale is not a scale at all. To scale there has 

to be dimensionality. The so-called nominal scale iacks this propeq.  All it docs is to label an 

item - usualty prcsent or not present ( 1  or O). The numbers on the backs of hockey players, for 

example. constinite a nominal scale. but they have no mevling except as convenient labels. 

An interesting featurc of the dichotomous or b i n q  nominal variable is that uniike most 

nominal variables (e.g.. I=RC. 2=Ang.. J=CC. +SA. 5=PA and 6wther) which lack 

dimensionalin. the dichotorny has wo values such as 1 or 2. i or 0: and it is bis fenture that 

p h  es it the rnissing propeq.  Consider gender where male = i and female = 2. The distance 

bcrween I and 2. male and female, is the s m e  as the disunce between 2 and 1. female and male. 



But the distance betwcen anv adiacent numben is the sarne ns the dktance betwcen anv 

otber mir of adiacent numben. The classic example is the centigrade themorneter. Note chat 

the underlined sentence above is what Stevens callcd the interval Ievel of measurement. Givcn 

the definition we are justificd in mating dichotomous (yes.no) variables as interval xale 

variables. With internai scale variables we can calculate the mean, variance and c o v ~ a n c e s  

which about covers mon of the key concepts in statistics: in other words we can use every knowm 

statistical technique including DA for the estimation of equations using bina. coded dependent 

or independent variables. 

When X and Y are both continuous we use Pearson pmduct-moment comlation. When 

X is dichocornous and Y continuous the text books advise us to use point biserial conelation. 

And when X and Y are both dichotornous the text book recommends analysis using the phi 

coefficient. Buf in fact al1 three forms YC identical, which means that ail cm be calculated 

using the Pearson product-moment procedure. 

Point 2. The multivariate forrn of the geneal Iinear mode1 (GLM) encornpasses eight 

mathematical models. the fourth of which is the DA model. The models are as follows: 

1 ) al1 X's continuous. the Y continuous (multiple regression); 

2) all X's discrcte. Y continuous (AXOVA): 

3) some X's discrete. some continuous. Y continuous (ANCOVA): 

4) al1 X's continuous, Y dichotomous (two group discriminant function analysis); 

5) al1 X's discrete, Y discrete (logit analysis); 

6) some X's discrete. some continuous. Y dichotomous (binag logistic regression); 

7) some X's discrete. some continuous. Y categorical (multinomial logistic regession): 

8) some X's discreie. some continuous. Y ordinal (polflomous logic univenal model). 

Note thac rnodels I thmugh 4 wete tauoht as a component of the onduare progrm in educaion at 

k1C:'N. thou$h model 4 (DA) was inuoduced in its regression analysis incarnation. Ir is well 

k n o ~ n  (e .~ . .  Cohen and Cohen. 1975. p. U 2 )  that the multiple regression snalysis version of 



mode1 4 (al1 X's continuous. Y dichotomous) is statisrically identical with canonical anal ysis 

because dichotomous variables arc interval scalcs. Canonical analysis is a full  multivariate fom 

of GLM wherc al1 the X's are continuous and al1 the Y's are continuous. This means bat it is 

also identical with the DA for N o  groups; i.c.. the multiple regression cquation is proponionaf to 

the discriminant hnction; which. in tum. means that both C A  and DA are perfectly ccnelated 

with eacb other and both are perfectly correlated with the parailel multiple rebmssion model. 

Point 3. Even though Wo group DA and CA and the multiple re*mssion mode1 with 

dichotomous dependent variables arc equivalent estimators. there are special problems which 

affect both. In the liteature (e.g.. Neter and Wasseman. 1974. pp. 322-334) they are identi fied 

as follows: 

1 ) nonnormal error tems; 

2) nonconstant error variance; and 

3) consoaints on response function. 

The Clarke anaiysis addresses problems 2 and 3. For cxample. a solution to the second 

problcm could be handled using weightcd ieast squares (WLS). The WLS solution is only 

required. however. if the mean responses ( Y ' s )  range between approximately .? and .a. u'nless 

the meui of Y falls outside this range (i.c.. beiow -2 or above .8) the enor variance will not be 

sufficientiy unequal as to make a WLS solution w o h  while. Clarke's mean response range for 

his MBL variable was betwcen .45 and - 5 5 ;  hence. in that case the WLS solution was not 

necessq. The third problem. constraints on the response function. can be handled by making 

sure th31 the mean responses for the model do not fall beiow O or 1 for levels of X. ~ l u k è s  

model automat icall y meets this constraint. 

Problem 1 is different. Even if the error terms are not normal when the DV is binap. the 

leasr squares estimator still provides unbiased estimation which is asymptotically normal. When 

h e  m p l e  size is large. as it is in the Clarke case. ii is legitirnate to make inferences concerning 

the regression coefficients on the vrlid assumption that the enor tems are norrnally distribured. 




