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Following previous experience and research which indicated 

the need of prov id ing students with a heuristic devi ce to help 

them in the understanding and description of the structure of 

knowledge of laborat ory experiments, this study investigated 

some of the factors involved in providing students with Gowin's 

epistemological framework (Vee) thr0ugh an introductory college 

1 aboratory physi cs course at Fe dera l Un i ve rsi ty of Ri o Grande 

do Sul (UFRGS) , in Brazil. 

An evaluation of students' recepti vi ty and performance in 

unde rstanding and using the Vee in a physics laboratory context 

was the main objective of this st udy. In the process of 

es tab1ishing answers to the basic research question of this 

study, we differentiated the students' perfo rmance in three 

levels of achievement: (1) the c1assification of the parts of 

t h e s t r u c t u r e o f k n o w 1 e d g e i n v o 1 v e d i n a 1 a b o rato r y ex p e r i me n t , 

and the unders tanding of their functions; (2) the description 

of relationships among these parts ; (3) the applica ti on of the 

ep istemo1ogica1 framework to new prob1ems and situations of a 

1aboratory experiment . 

This study was carried out through two research runs and 

invo1ved roughl y 80 students per run from a course population 
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which ranged from 270 to 370 students. The students' 

performance was evaluated through five written tests 

concerning five laboratory experiments on electricity and 

magnetism. Students also answered a final questionnaire. 

In addition to the five laboratory tests, three different 

formative evaluation strategies (clinical interviews, group 

discussions, and written feedback) were used in order to 

evaluate the students and to provide them feedback in the 

achievement and use of the epistemological framework. 

The use of the three strategies generated an additional 

research question concerned with the differences that could • 

arise among the three strategies in terms of students' 

performance and receptivity to the Vee. 

The main findings of this study are: 

1. From the first to the fifth laboratory experiment and 

test, there was a progressive improvement in the students' 

understanding of the epistemological framework (Vee), in 

applying the Vee to the description of the structure of 

knowledge involved in a laboratory experiment, and in 

conducting new experiments in order to analyse physics 

phenomenon(a) and to establish knowledge claims. 

2. The methodological domain of the Vee (experiment) was 

more easily understood and described than the conceptual one. 

3. Students' main difficulties in the conceptual domain carne 

from their (a) lack of mastery of the theoretical background 

of the experiment, (b) difficulties in expressing relationships 
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among concepts, and (c) lack of knowledge ab out the natu re, 

structure and functions of a theory and its component parts. 

These difficulties also represented obstacles in the 

description of the constant interplay between the conceptual 

and the methodological domains. 

4. Students• main difficulties in the met hodo logical dom ain 

carne from their lack of skills in the graph ic re presentation 

and analysis of data. 

5. The students• receptivity to the use of the Vee was good 

{about 75% of the possible maximum by using the Likert•s 

scale). 

6. Among the three experimental groups using the three 

different formative evaluation strategies, there was no 

significant differences in terms of students• performance, 

receptivity to the Vee, and receptivity to the strategies . 

One important aspect of this study was the deep and clear 

communication, between the author (teacher) and the students, 

which was made possible by the use of the "Vee language" in 

the analysis of the structure of knowledge involved in 

laboratory experiments. 

The evidence that the Vee has an excellent structure, a 

strong communication power and it is likely to improve 

abilities in scientific inquiry, are the most important 

findings of this research study. 
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Chapter I 

INTRODUCTION 

There is a persistent discussion and concern about the 

deficiencies and problems of the introductory physics 

laboratory. Many teachers have put much time and efforts into 

im proving th e laborato ry experience of their students . 

In spite of these efforts, the results are, in many 

cases, disappointing. Almost all physics teachers feel that 

the laboratory is a good thing, but if asked to justify this 

feeling they may have difficulties and they may disagree 

concerning the laboratory goals and procedures. The high cost 

of the implementation and maintenance of a laboratory, and the 

teacher's efforts, must be satisfactorily justified . 

In which aspects can laboratory best contribute to a 

student's education? What are the educational objectives of 

the laboratory and how can they be achieved? What should be 

taught to students? Our answer would be that, in addition to 

teaching them laboratory skills, physics concepts and certain 

attitudes, students ought to be taught how to learn. That is, 

students should be taught how to learn from nature without 

the assistance of either a laboratory guide ora teacher , 

because it is this ability that the students would be mo s t 

lik e ly to retain after their course work is completed . 

Physics has been defined to be both a body of knowledge 

and a process of inquiry. This process of inquiry ought to be 

ta ught to students in a laboratory context because it will 



2 

probably increase their ability in learning from nature on 

their own. One of the major mistakes made by teachers in 

laboratory teaching is to assume that the students know how to 

learn from nature when students actually do not know it. How 

can this process of inquiry be taught to them ? 

During the last twelve years I have been teaching 

int r oductory physics courses to engineering students at the 

Federal University of Rio Grande do Sul (UFRGS), in Brazil. 

During most of this time I taught the Physics li course, 

which is concerned with electromagnetism and thermodynamics. 

Physics li is the second one of a sequence of three one­

-semester courses in General Physics. Its content is taught 

at the level of "Fundamentals of Physics" by Halliday and Resnick 

(1974) and the prerequisites are one semester of calculus 

(derivatives and integrals) and one semester of physics 

(mechanics). The total course time is 90 hours: 6 hours per 

week, during 15 weeks. Enrollment ranges from 250 to 400 

students each semester. 

The research findings of a study carried out by Moreira 

(1977) provided evidence that, in the Physics II laboratory 

context, some students were unable to learn the educative 

materials presented. 

Moreira designed a five-item laboratory test based on 

Gowin's (1970) "five questions" to evaluate the students' 

performance in four laboratory experiments of the Physics li 

course. These "five questions" (described in Section II-3) 

were devised by D.B.Gowin as a method for the critical 

.. 
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analysis of documented claims. They ask about the telling 

question(s), the key concepts , the method(s) of inquiry, the 

findings, and the value of documented claims . 

In Moreira•s research, Physics li students were asked 

about the basic question(s) , the key concepts , the basi c 

phenomenon(a), the method, and the results of each one nf 

four laborato ry experiments. His findings were rather 

surprising because, in spite of being able to perform the 

experiments according to the directions given in the laboratory 

guides, the students obtained poor mean scores in the 

identification of basic phenomenon(a) and in the description 

of the me.thod and results of ea ch experiment . In the 

description of the metti.od , for example, the scores were 

systematically around 50 % of the maximum. Students rarely 

described the method as a systematic procedure; most students 

simply gave answers like 11 experimental method 11 or 11 Scientific 

method 11
• 

It is to these type of findings, established in the 

Physics li laboratory conte xt but very probably valid for several 

other laboratory courses, that our research study is directed . 

We think that the Physics li laboratory work has not been 

o f te n e f f e c ti v e a n d i t s pote n ti a 1 h as no t b e e n d u 1 y ex p 1 o r e d . 

Even more, facing this problem , we assume that it was in part 

happening because the students were not provided with an 

epistemological framework that could guide them to the 

understanding and description of a laboratory experiment. In 

other words, we assume that the laboratory work has not been 
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of ten effective because, in part , the students do not know ho w 

to learn from nature , they do not know about processes of 

i nq uiry and, consequently, they do not understand and know how 

to des cribe the structure of knowledge in volv ed in a laboratory 

exper iment. 

Therefore, we decided to provide the Physics II students 

with an epistemological framework in arder to improve thei r 

unde r standing of and ability to describ e the stru cture of 

know ledge of a laboratory experiment. 

For reasons that are explained in the ne xt chapt er, we 

chose Gowin's Epistemologica1 Vee (Gowin , 1981)( 1 ) as a suitable 

and useful framework for the purpose of this st udy . 

An evaluation of students• performance in the 

und er standing and use of Gowin's epistemo1ogica1 framework (the 

Vee) was the main objective of this research. That is , this 

st udy intended to investigate the students• conceptions and 

misco nceptions, main diff ic ul ties and abilities, as we ll as 

feeli ngs in the comprehen s ion and use of the epistemological 

framew ork in the Physics II labor at ory context. 

The basic research questions of this study were: 

(I) To what degree are students able to acquire an 

epistemological framework and to use it as a device 

for: 

(a) The under st anding and description of the re1ation 

( 1 ) 
Gowin's Vee is described in Section II-3 and in Appendix A, 

and illustrated in Figure 1. 

I 
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between physics and nature, that is, between the 

physicist•s descripti on of nature and the 

phe nomenon(a) or event(s) studied ? 

(b) The recognition of physics as being both a body 

of knowl edge and a process of inquiry ? 

(II) What are the students• difficulties in these (above 

describe d) processes of acqui sition and use of the 

epistemologi ca l f ramework ? 

In the process of establis hing answers to the basic 

res ea rch questions of t hi s s tudy, we differentiated the 

students' performanc e in th re e levels of achievement: 

1. The classification of th e par ts of the structure of 

knowledge involved in a laboratory experiment; 

2. The description of relationships among these parts; 

3. The application of the epistemological framework to new 

problems and situations of a laborato ry experiment. 

Students• understanding and use of the epistemological 

framework was evaluated through five written tests concerning 

five laboratory expe rime nts of the Physics II course. In 

addit ion to these five labo ratory tests , three different 

formative evaluation ( 2 ) strategies were used in order to 

provide the students with feed back in their achievement and 

use of the epistemological framework. These three formative 

evaluation strategies also served as three different channels 

of information for research purposes. The three strategies 

( 2 ) A concept analysis of for ma tive evaluation is presented 
in Appendix B. 
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were named Clinical Intervie ws (C.I.), Group Discus sions (G . D. ), 

and Written Feedback (W. F. ) , and they a r e described in Se c t ion 

Ill - 3. These three formative e val uation st rategies were also 

used t o promete the sha r ing of meanings betwe en students and the 

teacher (researcher). Th is is cohe ren t with Go win ' s Triad i c 

Mode l of Teaching (See Section II-4) which was used as a 

referen ce by this author ( r e searc he r ) in the organization and 

elaboration of instructional act ivities an d materials . 

The use of the three fo r mati ve eva lu ation strategies 

gene r ated a third research question of this study: 

(III) What differences would arise among the students 

involved with each one of th e three form ative 

evaluation strategies, C.I., G. D. , and W.F . , in terms 

o f: 

(a) students' performance in each one of the three 

levels of achievement proposed in the research 

questions I and II already stated ? 

(b) students' receptivity to the epistemol og ical 

framework as expressed both during the course and 

as reflec te d i n a final attitude questionnaire ? 

This research study was carried out thro ugh two research 

runs: a pilot run anda s e con d research run. The pilot 

research was carried out during the first se meste r of 1980 

(from March to June). After that, the instructio na l, 

evaluative, and research materials, as well a s the design of 

the experiment, were improved for the second research run 

from August to November of 1980 . Each run lasted about 15 

·• 
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weeks and involved five laboratory experiments on electricity 

and magnetism performed by roughly 80 students of the Physics 

II course at UFRGS, in Brazil. 

In the next chapter the theoretical background of this 

study is presented. It contains a literature review on 

obje ctives of introductory physics laboratory, a description 

of Gowin's epistemological framework, a description of the 

theoretical frameworks for teaching and evaluation used in 

this work, anda moral justification for this research study . 

Chapter III desc r ibes the objectives, the research design , 

and the work conditions of this study. lt also describes the 

formative evaluation strategies, and the performed 

instructional, evaluative and research activities . 

Chapter IV presents the analysis of the laboratory 

ex periments, the instrume nts of research measurements, the 

data collection procedures, the analysis of data, and the 

results of this resea r ch study about students• understanding 

and use of an epistemo logical framework in a physics 

laboratory context. 

Chapter V summarizes the study and presents some 

interpretations of the research findings with their possible 

implications for laboratory instruction . 
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Chapter II 

THEORETICAL BACKGROUND 

II-1 Qbjecti ves of the Laboratory Course 

H a v i n g i n m i n d t h e p r o b 1 e m t h a t t h e P h y s i c s I I 1 a b o r a to ry 

work usually was not effective, we reviewed some literature 

related to objectives which are more frequently proposed 

for introductory physics laboratories at the college 

level. 

We found out that the objectives stated by Nedelsky 

(1949, 1958, 19 65), and frequently used by other researchers 

as a reference, would be appropriate to the specific 

laboratory context of this study. According to Nedelsky's 

ideas, the central objective of introductory laboratory 

instru cti on is: 

A. Relation be tween Physics and Reality: To 
increase the student's understanding of the 
relation between theoretical science and nature, 
that 1s, between the physicist's description of 
nature and nature itself - between physics and 
_ceality. 

In addition, he proposes three subsidiary objectives of 

laboratory instruction, which are: 

B. Comprehensi on o f Con cepts . (l) 
C. Ability to use Instruments . 
D. Certain Attitudes and Habits (Nedelsky, 1958). 

Th e central objective of the laboratory course, as 

stated by Nedelsky, seeks to find a way in which students can 

(l) Which we prefer to designate as: Development of Laboratory 
Sk i 11 s 

8 
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under s tand meaningfully t he re l ati on be t wee n physi c s a n d 

nat ure. I t seems that cur r ent teaching practices do 

not provide s t udents with th e kind of experience neede d for 

ach i eving t h i s goa1, but instead, according to Nedelsky : 

"Science cou r ses stuff thei r students with fac t s 
instead of giving them un de r standing and t eac h i ng 
th em how to learn , yet it is the 1ast two abiliti e s 
tha t the stude nts wo u ld be most 1ikely to reta in 
a nd us e after thei r cours e wo rk is complete d. 11 

(Ne de 1sky , 1965, p . xi) . 

Nedelsky has furt her clar i f i ed h i s objectives as: 

"U nderstanding of experime n t means understa nding 
the tota l process by wh i c h a scientist. star tin g 
from known con ce pts a n d genera1izations, a dds to 
the m, makes them more ge ner al , or otherwise 
modif i es them t h r ough e xper imentation . The core o f 
this understanding (in physics) is therefo r e a n 
understanding of the re1ation between verbal­
-mathematical science and phenomena." (Nedelsky , 
1965, p. 23). 

Michels (1957) and Nedelsky (1958), as wel1 as others , 

have defined physics to be both "a body of knowledge and a 

process of inquiry" . This defin i tion is still leading some 

science course objectives (Klopfer, Chapte r 18 in Bloom et 

al., 1971). 

This concept of science as "a body of knowledge anda 

process o f inq uiry" seems to ha ve gu ided all the 

structura1ism of the s i xties (Bruner , 1960; Phenix, 1962 ; and 

Schwab , 1962) in curricu1um p1anning. As Bruner, in "The 

Process of Education Revisited" (1971), has summarized: 

"The prevai 1 i ng noti on was that i f you understood 
the structure of knowledge, that understanding 
would then permit you to go ahead on your ow n; you 
did not need to encounter everything in nature in 
order to know nature , but by understanding some 
deep principles you could extrapolate to the 
parti culars as needed . Knowing was a canny strategy 

.. 
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whereby you cou1 d know a great dea1 about a 1 ot of 
things whi1e keeping very 1itt1e in mind .... 
It was this point of view that emerged from the 
famous Woods Ho1e conference on improving education 
in science (the impetus and inspiration for 1 The 
Process o f Educati on I) . 

11 (Brune r, 1971) . 

We accepted the objectives described before as appropriate 

to ou r Physi cs I I 1 aboratory context . We thought that we shou1d 

contribute to the students' understandi ng of the 11 rel a ti on 

between physics and natu r e 11 and t he r e cognition of physics as 

lia body of know1edge anda pro cess of inquiry 11
• 

I I-2 The Need of an Epi s temo1ogi cal F_ramework 

Epistemology, or Theory of Knowledge, ca1led Gnosiology 

by some European writers, is the study of the nature and 

validity of human know1edge. 11 Knowledge 11
, used in this study, 

refers to the "resu1ts or products of inquiry 11
• 

In other words, Epistemo1ogy is the study or a theory of 

the nature and the grounds of know1edge especia11y with 

reference to its limits and validity. 

Zais (1976, p. lll) defined epistemology as the 

11 Phi1osophical prob1em that deals with the nature of knowledge 

and the nature of knowing. It asks the questions: What is 

true? How do we know the truth? And how do we know that we 

know? 11 

Typica1ly, epistemologists examine the degrees of 

certainty and probabi1ity in knowledge and the difference 

between knowing (with certainty) and be1ieving (without being 

certain). The epistemologist wants to provide know1edge about 
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knowledge. This can be used to provide a basis for wise action, 

security, and truth. Two competing traditional epistemological 

orientations are Rationalism, which stresses the role of reason 

in providing certainty, and Empiricism, which stresses the role 

of sense perception. Gowin's (19 81) view follows modern 

philosophy which emphasizes the constant interplay between th e 

conceptual and the methodological domains of the structu re of 

knowledge. 

Taking those laboratory objectives considered before, and 

facing the problem that the Physics II laboratory work usually 

was not effective and its potentia1 was not duly exp1ored, 

we assumed that this was in part happening because the studen~ 

usually were not provided with an epistemological framework 

that could guide them to the understanding and description of 

a laboratory experiment. 

So, the next step of our work was the selection of an 

epistemologica1 framework to guide us, teachers and students, 

in the achievement of those objectives. 

II-3 Se1ecting the Epistemological Framework 

For reasons that wi11 be exp1ained in this section, we 

chose Gowin's Epistemo1ogical Vee (Gowin, 1981) as a suitable 

and useful framework for the purpose of this study. 

Before the Vee, Gowin devised the "five questions" 

(Gowin, 1970) as a method for the critica1 analysis of 

documented c1aims. Gowin's "five questions" are: 

(1) What is (are) the telling question(s)? 
(2) What are the key concepts? 
(3) What are the methods of inquiry? 
(4) What are the know1edge claims? 
(5) What are the value claims? 
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In analysing a research paper, the telling question is 

the question that tells about the phenomenon being 

investigated, and probably something wil1 be found out by 

answering this question. The key concepts are the basic 

concepts, from the field of study re1ated with the paper, 

that are involved in the telling question and in the research 

project itself . The methods of inquiry are the sequence of 

steps, the techniques of investigation, the devices that were 

used to answer the telling question, i .e., to go from the 

te 1 1 i n g que s ti o n to t h e k n o w 1 e d g e c 1 a i m s . T h e k n o w 1 e d g e c 1 a i ms 

are answers to the te1ling questions, and the va1ue c1aims 

are concerned with the significance, usefulness, and importance 

of the knowledge claims. 

Gowin's Epistemological Vee (Gowin, 1981) carne after the 

"five questions" (Gowin, 1970). The Vee is a method for the 

analysis of the knowledge claims (products of inquiry); that 

is, the Vee is a heuristic device for the analysis of the 

structure of knowledge as a product of disciplined inquiry. 

Here, structure of know1edge is defined as: the parts of 

knowledge and the way these parts are related to each other. 

Gowin's Epistemological Vee is schematized in Figure 1 . 

The V-shape serves to emphasize that both sides, the 

conceptual and the methodo1ogi cal, are brought to bear on 

objects and events in the process of knowledge production . 

The Vee points towards the events and objects which indicate 

the phenomenon(a) of interest and the source(s) of evidence. 

L_ __________________________ ________ _ ___ _ ___ - -- j 



CONCEPTUAL DOMAIN 

PHI LOSOPHY 

un de r 1 i es 

1 3 

ANSWERS requ i re INTERACTION 
between both sides 

TELLING QUE STIONS 
( about E VENTS ) 

orients 

VALUE CLAH1S 

/bout 

KNOWLEDGE CLAIMS I yields 

THEORY ------------- EXPERIMENTAL PROCEDURE: 

are 

conta ins\ 

PRINCIPLE S 

conf i rms, o r i rr.oroves, 
o r revises , o r r ej ect s 

ANO LAWS 

ryeneralizations ~ 
RELATI ONS 

CONCEPTS 

o f 

/contains 

INTERPRET ATI ONS 

DATA 

EVENT S 
and ~are sources of evidence 

OBJ ECTS J 

o f 

Figure 1. Gowin•s Epistemo1ogica1 Vee. Some parts and re1ationships 
among the parts of the Structure of Know1edge. (After Gowin, 
1981, and adapted from Buchweitz, 1981). 

,, 
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The telling question, in the center of the Vee, indicates 

the problem to be solved and the kind of knowledge claim that 

will be made . The telling question not on l y asks but a lso 

tells something; it belongs to both sides of the Vee, and it 

helps to clarify "what is going on" in the entire process of 

knowledge (product of inquiry) production . 

The left si de of the Vee, the concep t ual (theore ti cal) 

domain , is composed of concepts, concept definitions , 

conce ptu al s t ructu r es, principles, laws and philosophies. 

Go win defi nes a concept as a regularity in events or objects 

coded ( de signated) by a sign or symbol. 

Cons i dering the telling quest i on(s), the events and 

objects , the conceptual domain guides the methodologi cal one 

to decide what records of events to take; how to take them; 

what transformations to make; how to interpret the data (the 

t r ansformed records of events); and, finally, what knowledge 

and value claims to make . Everything dane in the methodological 

side is guided by concepts, theories and philosophies of the 

conceptual side . In turn , new knowledge claims sometimes lead 

to new concepts, altered concepts or, occasionally, to new 

theories and philosophies. In short, there is a constant and 

active interplay between the two sides of the Vee. Knowledge, 

therefore, undergoes a continuous revision. 

In Educating (D.B . Gowin, 1981) the reader can find clear 

operational definitions and explanations for each term (part) 

of the Vee, and also for the relationships among these parts 

which describe the structure of knowledge . 

Appendix A reproduces in English the instructional units 
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abo ut Gowin's Epis t emological Vee that were presented in 

Portuguese to the Brazilian students of the Physics II cou~e . 

So far, the only definition of understanding that we 

h a ve presented is that given by Nedelsky relating to wha t he 

per ceives understanding to mean in the context of a labora tory 

ex pe riment. At this point, we intend to introduce Gowin ' s 

view o f un de rst anding and, at the same time, to provide an 

o p por tunity to increase the reader's comprehension of the Vee. 

8oth Gowin and Nedelsky are concerned with what is most 

wor t hwhile for the student: 11 understanding 11 and 11 ability to 

learn 11
• Moving along the Vee, Gowin points out that: 

11 Pa r t of the structure of knowledge is the relation 
between descriptions and explanations. As we move 
up the right side of the Vee, we begin to see the 
connectedness between events, records, facts, data, 
generalizations, and explanations. At the top of 
the view should be understanding (interpretation). 
We want to know the significance of our knowledge 
claims . And that leads us directly into value 
claims 11

• (Gowin, 198l,Chapter 4) . 

He goes on to say that: 

11 (a) understanding comes from accepting the reasons 
given in the explanation, 

(b) the explanation is of the summarizing 
generalization, --

(c) wh i ch in turn is expressed through concepts, 
(d) which signify regularities in facts (records 

of events), 
(e) which serve as evidence for the argument, 
(f) and which facts are linked to records and 

events. 

Gowin continues, always taking the Vee as a framework, 

an d presents his criteria of excellence for 11 Understanding 11
: 

11 In a sense, the farther we move away from events 
along this linkage the more interesting the 
narrative becomes, and the greater possibility 
that our understanding is increased. The amount of 
confidence we have in our understanding is a 
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function of the tightness of t he links s hown by 
the Vee. If we can reliably move f r om on e link to 
the next and back again, then we may hold ou r 
understanding with confidence". (Gowin, 1981, 
Chapter 4). 

We see coherence between Nede1sky 1 s ideas (abo ut 

obje c tives, learning and understanding in the l abo r at o ry 

context) and Gowin 1 s points of view. Their ideas can be 

mat ch ed to forma fruitful the oreti ca l f ra me of ref e r enc e for 

in s tructional purposes. 

For these reasons. we selected Gowin 1 S Vee as an 

ap pro priate epistemo1ogica1 framework to guide student s t o 

t he understanding and description of a labo r ato r y expe r ime nt . 

We co nsidered that the Vee is likely to help teachers and 

students to develop the ability to learn and to increase the 

understanding of the relation between physics and nature, as 

well as to see physics as a body of knowledge anda produc t 

of disciplined inquiry through experiments in the laborato ry 

setting . 

II-4 Theoretical Framework for Teach i ng and Evaluat i on 

We strongly defend the use of a "formative evaluati on" 

sys t em in order to improve the teaching p r ocess, and t o 

ge nerate fruitful data for research purposes. 

The concept of "formative evaluatio n" was i ntrodu ced by 

Sc riven (1967) and refined by Bloom (1971 ) through the use of 

the mastery learning approach . For the purpose of this study, 

f ormative evaluation means the use of some evaluat i ve activi t1 es 

wh i le the teaching learning process is taking place wit h t he 
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objective of improving this process through feedback. It is 

also antecipated that formative eva1uation wil1 he1p to make 

the process of teaching more effective, long before any 

summative (final) evaluation takes place. Formative evaluation 

yields feedback and facilitates assessment of students' 

understanding and enables the teacher to take decisions soon 

enough to correct deficient teaching methods and promote more 

meaningful learning. In Appendix B we present a conceptual 

analysis of "formative evaluation". 

In relation to "teaching", we decided to use another 

Gowin's model as a theoretical framework. Gowin (1981, Ch . 3) 

sees teaching as a triadic (three-way relation) episodic 

exchange of meanings of pieces of knowledge between teacher 

and student, and the occurence of successful teaching as the 

achievement of shared meaning between them. 

The teacher introduces some instructional materia1s to 

the student who tries to understand the meaning of these 

materials. Then, teacher and student develop a kind of 

communication, the object of which is to analyse the 

instructiona1 materia1s by giving reasons, weighing evidence, 

j u s t i f y i n g , e x p 1 a i n i n g , c o n c 1 u d i n g , a n d s o f o r t h . A s a re s u 1 t , 

the student gets some meaning that he/she shares with the 

teacher; at the end of this process, if both teacher and 

student agree, congruence is obtained and the result is 

shared meaning. When shared meaning is achieved, an episode 

of teaching has happened. In short: "teaching is the 

achievement of shared meaning". Gowin's model for teaching is 

schematized in Figure 2. 
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Mate ri a 1 s 

Episode of Teaching 
....... ~ 
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s 

Student(s) 
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Figure 2. The Relationships Involved in the Process of Teaching . 
(Adapted after Gowin, 1981). 

We see Gowin's mode1 of teaching as coherent with th e use 

of a formative eva1uation approach because feedback is pr ovide d 

th r ough the sharing of meanings between teacher and stude nts. 

According to Gowin, after the achievement of some i nitia1 

sh ared meaning, the student is then ready to decide to learn 

or not because learning is a responsability of the i nd i vi dual; 

learning is not a responsability that can be shared . Gowin 

defines learning as 11 the active re-organization of the ol d 

· pattern of meaning that the student brings to the teaching 

situation 11
• And he clarifies that : 11 The re-organizatio n of 

meaning is under the voluntary control of the learner . .. 

according to his or her own interest ... 
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11-5 Moral Justification for the Research Study 

By providing the students with the Epistemological Vee 

for the purpose of use in the laboratory context, we were 

deliberately intervening in students' life because we wanted 

them to learn something. As Gowin (1970) wrote: 

"The moral justification for this intervention (of 
teachers into students' lives) isto be found in 
the human values of knowledge and truth. Unless 
the teacher intervenes with material which purports 
to be knowledge, and knowledge which has some 
acceptable test of truth applied to it, a necessary 
condition for the moral justification of teach i ng 
is missing" (Gowin, 1970, p. 327) . 

Based on the belief that Gowin's Vee has the necessary 

requisite of providing instructional material with "some 

acceptable test of truth", ei ther by i tsel f or through the 

analysis of physics knowledge claims, we assumed that it 

could and should be taught to the Physics II students. 

Above all, our particular philosophy (world view and 

system of values) led us to contend that: it is not possible 

to teach science effectively without a minimum of 

epistemological meanings conveyed to both teachers and 

students, for sharing, in addition to the subject matter 

content. This means that a good science teacher needs 

training not only in his/her field of expertise, but he/she 

also needs to understand the overall epistemology of science in 

arder to become able to teach both the subject matter and its 

epistemology. 

Usually, students have little more than just an intuitive 

and preliminary knowledge of scientific and epistemological 

.. 
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thought. To develop in his/her students an awareness of both 

fields of thought, the subject matter field and the 

epistemological one, is one of the teacher's most challenging 

tasks. In a sense, we agree with Gowin•s assertion: "Helping 

others to reach understanding through clear relations of the 

structure of knowledge is a pedagogical value of the highest 

a r der". (Gowin, 1981, Chapter 4) . 

In summary, we believed as morally justified our 

intervention in students' lives by providing them with an 

epistemological framework (Gowin•s Vee) through the use of 

an instructional approach based on Gowin's Triadic Model of 

Teaching and on formative evaluation strategies . Formative 

evaluation, which is compatible with Gowin•s model of teaching, 

takes place during the evolving state of instruction and 

provides kinds of evidence that would be most useful for data 

collection and remedial intervention designed to improve the 

teaching process . 
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Chapter III 

THE RESEARCH STUDV 

III-1 Objectives of the Research Study 

Through the use of an introductory college level physics 

labor at ory course in electromagnetism, the aim was to find 

answers to the following main questions : 

(I) To what degree are students able to acquire an 

epistemological framework and to use it as a device 

f o r: 

(a) The understanding and description of the relation 

between physics and nature, that is, between the 

physicist's description of nature and the 

phenomenon(a) or event(s) studied ? 

(b) The recognition of physics as being both a body 

of knowledge and a process of inquiry ? 

(II) What are the students' difficulties in these (above 

described) processes of acquisition and use of the 

epistemological framework? 

In the process of collecting data in order to establish 

answers to the basic research questions stated above, at firs t 

we differentiated the students' performance in two levels of 

achievement: 

First Level - Classification (of the parts of knowledge) 

1. To what degree are students able to acquire an 

epistemological framework and to use it as a device to: 

21 
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1.1 - Identify the ba sic phenomenon(a) under study? 

1.2 - Name the key concepts involved in the experiment 

wit.h a brief verb al and/or mathematical description 

(or definition) of each one ? 

1.3 - Indicate the basi c questi on(s) t o be an swered 

through the expe rimenta l p roce dure? 

1 . 4 - Indicate the records (meas uremen ts) made? 

1.5 - Recognize the tran s formations and interpretations 

of the facts (records of the events) produced 

a1ong the experi ment? 

1.6 - Report the resu1 ts (know1edge claims, concl usions ) 

of the experiment? 

1. 7- Point out va1ue claims for the knowledge claims as 

well as for the whole 1abo rato ry experiment ? 

Second Level - Description of Re lationships (among the parts 

of knowledge) 

2. Using the epistemolo gica1 framework, how well are 

students able to: 

2.1 - Represent throu gh verba l and/ or mathematical 

expressions the relations hips among concepts, by 

considering the te11 i ng question(s), the main 

events, and the me tho dologi cal structure invol ved 

in the 1aborato r y expe riment? (Left side of the 

Vee, or verbal-mathemat ical physi cs). 

2.2- Indicate the expe ri mental procedure (method) 

performed in the l ab ora tory e xperiment, that is: 

how events, records, transformations, 
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inte rpretations, and knowledge claims a r e rel ated? 

(Righ t side of the Vee, or experiment al physics). 

2 . 3- Des c ribe the continuous interplay betwe en the 

concept ua l structure (2 . 1, above) and the 

method o logical structure (2.2, above) in the 

creation of new knowledge claims? (Relation between 

physics and nature). 

2.4 - Re present (having the Vee as a reference) a 

ge neral view of a concept-methodological st ru cture 

of the laboratory experiment? (Relation between 

physics and nature; physics as a body of kno wl edg e 

and product of disciplin ed inq uiry). 

We had in mind a third 1evel that, probably, could be 

achieved only by some more clever students: 

Third Level - Application (of the structure of knowl edge) 

3. Applyi ng the epi stemol ogi cal framework, how well are 

students able to: 

3.1 - Analyse and provide an experimental solution to 

problems (questions) which are similar in struct ure 

t o e x a m p 1 e s ( s i tu a t i o n s ) w h i c h t h e y h a v e previ o us 1 y 

met in a laboratory experiment? (E stimate the 

outcome of a new situation in the same experiment). 

3.2 - Sugges t an e xperimental solution to a problem 

(q uestion ) for a situation not analogous to any 

single example ( sítuation) previous1y seen in the 

1aboratory experiment? (Project and execute a 

simple experiment to obtain knowledg e cl a ims). 
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III-2 Population and Work Cond itions 

Engi neerin g students taking t he Physics li course 

(Electromagneti sm and Thermodynamics ) at the Federa l 

University of Rio Grande do Sul (UFRGS), Braz il. constituted 

the populat ion of t hi s study. 

Physics I I is the second one of a se qu enc e of three one­

-semester courses in Genera l Physi cs. Its content i s taught 

at t he le ve l of "Fundamentals of Physics" by Halliday and Resnick 

1 19 74 ) and the prerequísit es are one semester of calc ulu s 

(derivatives and integra1s) and one semester of physics 

(mechanics) . During a term of 15 weeks, the course meeti ngs· 

cons i st of three sections per week, last ing tw o hours eac h. 

Some se ct i ons ha ve morning classes, whi1 e others meet during 

the af t ernoo ns or e vening s. Enrollme nt ranges from 250 to 400 

stude nt s eac h se mester. As a teach er I was in charg e of two 

course sections each one having abo ut 40 st uden ts. The 

rese arch bei ng report ed here wa s ca rr i e d out wi t h the students 

of these two sections. 

This research study dealt speci fica11y with the 

1 aboratory actívities related to fi ve experiments of electricity 

and magnetism performed in fi ve classes, la sti ng two hour s 

each. 

The near1y 80 students rec eive d t he follow i ng writt en 

research materials: ín st ru ct ion s about t he epistemo1ogical 

framework, la boratory gu1des, and 1aboratory tests. 

The instru ctions about the epistemologi ca l frame work 

aimed : 

• 
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(a) to guide the students in the understanding and 

description of t he laboratory experiments (classifying 

and relating the parts of the structure of knowledge); 

(b) to help the s tu dents to gain compre hension of the 

"relation between physics and nature"; 

(c) to assist the students to se e "physics as a body of 

knowledge anda prod uct of discip lined inquiry" . 

Appendi x A pres ent s the i nstruc ti ona 1 uni ts about t he 

epistemological frame wo rk provided to the stude nt s who 

performed the fi ve l aboratory e xp e ri me nts . Laboratory 

instruct io ns (see Appendix C) were prepa red to guide students 

in performing these experiments . 

A written test about the use of t he epi stemological 

framework in the laboratory experiments was adm i ni stered 

after each one of them . These tests (presented an d analysed 

in Chapter IV) were in dividua ll y an swered and were supposed 

to provide evidence about the student 1 S level of understan ding 

of the epistemological framework applied to the description 

of the structure of knowledge of eac h experi ment . 

T h e c r i t e r i a u s e d i n a s s e s s i n g t h e s t u de n t 1 s un de rs ta n di n g 

of the epistemolo gical framework through the laboratory tests 

were based upon previously prepared answers by the resear cher 

and upon a Vee of each experiment (see example in Appendix D) . 

In addition, a con cept map (se e example als o in Appendix D) 

illustrating the conceptual structu re of each laboratory 

experiment was drawn in order to assist t he researcher in 

carrying out the evaluation of the tests. These maps had also 
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been used as a guide in the preparation of the 1ab ora t o ry 

guides. 

A zero to a maximum of 10 points sca1e was used to sco r e 

each 1aboratory test, which was separated into its se ver a 1 

component parts in order to inc r ease the range o f the 

eva1uative disc r imination . 

III - 3 The Fo r mat i ve Eva1uation Strategies 

In addition to the 1aboratory tests, three diffe r e nt 

f orma t i ve eva1uat i on strategies were used in ord e r 

to eva1uate and pr ovide feedback to the stu de nt s i n 

the achievement of the three 1eve1s proposed in the res ear ch 

questi ons (see Secti on I I l-1), and al so to get more 

information (data) for research purposes. 

The three for mative eva1uation strategies were na me d : 

1 . Clinica1 Interviews ( C. I.) . 
2 . Group Discussions (G . D.). 
3 . Written Feedback (W.F.). 

To meet admin i strative and time constrain t s , ju s t one of 

t hese three strategi es was used with each student , i. e . , ea ch 

one of them received just one of the three possible 

treatments for feedback . 

The rationa1e of the first two strategies, the C.I . and 

the G. D., used to provi de feedback and sharing of meanings, are 

presented in Appendice s E and F, respective1y. They are 

brief1y described now . 

.. 
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Strategy One - Clinical Interviews (C . I.) 

Thirty minutes were set aside for each student (of the 

C.I . experimental group) to discuss individually with the 

resear cher the results of each laboratory experiment : hi s/he r 

laboratory test, his/her understanding of the epi ste mologi cal 

f ramework applied to the experiment, and so fo r th . In thi s 

case, feedback was provided in the for m of oral ex plan a tions , 

r ecommendations and support . 

Strategy Two- Group Discussions(G.D.) 

An informal 45 minutes di scussion between the tea cher 

and a small group of students (about 5 students showed to be 

an appropriate number) revolved around the previous 

experiment(s), laboratory test(s), and the epistemological 

framework. 

We anticipated practical conditions to perform 

individualized clinical interviews only with a small number 

of students during the course. We also recognized that these 

t w o s trate g i e s , t h e C. I . a n d 

requires only small groups 

even the G. D., which 

instead of individual 

assistance, could not be inco r porated into the 

regular instructional practices being used in the Phys i cs II 

course context at the time this study was conducted. 

Consequently, we decided to develop a third additional 

strategy for feedback and sharing of meanings whi ch coul d be 

more easily generalized in our !l traditional 11 inst r uctional 

conte xt. The description of this t .hird strategy, which we 

called Written Feedback Strategy, is presented next. 
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Strategy Three - Written Feedback (W.F.) 

In this treatment, each W. F. student got back his/her 

laboratory test corrected in the same way as the tests of the 

C.I. and the G.D. students were corrected; that i s, the teacher 

(author) used the same correct ion criteria for the three 

experimental groups. The W. F. stu dents received back their 

tests with additional writte n comments and requirements for 

written remedial work concern ed with the students • incorrect 

answers. After doing this indi vidu al additional written wor k, 

each student returned it to the teacher for control and 

approval. That is, emphasis was placed on written communication 

between teacher and student for the purposes of feedback and 

sharing of meanings. 

We assumed that these three instructional and evaluati ve 

strategies would be capable of providing feedback and to favour 

sharing of meanings between students and the teacher 

(researcher) because the st r ategies seemed to be coherent with 

the Gowin•.s Triadic Model of Teaching and with the concept of 

formative evaluation. 

In summary, we used these thr ee different formative 

evaluation strategies with the purpose of: 

(a) providing methodological improvement: different sources 

(kinds, channels) of information , gathering additional data to 

answer the research questions through formative evaluation 

processes, in order to increase the validity of the research 

findings; 

(b) enhancing the sharing of mean ings between teacher and 

• 
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student through feedback; 

(c) satisfying administrative and time constraints . 

III - 4 The Additional Research Question 

It was our understanding and feeling that ha ving a 

"co ntrolu group "without an epistemological framework 11 and/or 

"with out a f orma t ive evaluation strategy 11 wo uld not provid e any 

methodological advantage in order to answer the specifi c 

pr oposed research questions. As Cronbach (1963) already poi nted 

out : 
"The aim t o compare one course with another should no t domi nate 
plans for evaluation. To be sure , decision makers have to 
choose between courses, and any evaluation report wi ll be 
interp reted in part comparatively . But formally des i gned 
experiments, pitting one course against another, are rare l y 
definitive enough to justify their cost . 
Since group comparisons give equivocal results, I believe that 
a formal study should be designed primarily to determine the 
post-course performance of a well described group with respect 
to many important objectives and side effects." 

On the other hand, we assumed that the Written Feedbac k 

Strategy could be more easily incorporated into th e Physics 

li course conte xt as well as in other introductory physic s 

courses of General Physics at UFRGS This led us to thin k 

that a comparison among the three groups, with different 

formative evaluation treatments ( strategies ), in terms of 

student's achievement and use of the epis t emological framewor k 

(Gowin's Vee), would be more valuable . That is, mainly 

because we believed that the research findings could be more 

readily subsumed into the lore and practi ce of laboratory 

inst r uction we dec1ded to analyse and compare the efficiency 

of these three feedback strategies . Therefore, the use of the 
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three strategies (for research, evaluative, instructional, 

administrative and methodological purposes) generated the third 

research question of this study: 

(III) What differences would arise among the students 

involved with each one of the three formative 

evaluation strategies, C.I., G.D . , and W. F., in terms 

of : 

(a) stud ent s' performance in each one of the three 

levels of achievem en t proposed in the research 

questions I and II already stated ? 

(b) students• receptivity to the epistemological 

framework as expressed both during the course and 

as reflected in a final attitude questionnaire ? 

III-5 Samples and Design 

As we mentioned before, this research study was carried 

ou t through two research runs: a first (pilot) run anda 

seco nd research run . Each run lasted appro xi mately 15 weeks 

and involved five laboratory experiments on electricity and 

magnetism performed by nearly 80 students of the Physics II 

course . 

We emphasize that the pilot research run was quite 

worthwhile because it permitted the detection of several 

instructional, evaluative, and research shortcomings in time 

to correct deficiencies and promote improvements for the 

second research run. These shortcomings and improvements are 

described in this Chapter III . 

During the first and second research runs, nearly 270 and 
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370 students were respectively enrolled in 6 and 9 sections 

of the Physics II course. As a teacher, the author was in 

charge of two course sections with approximately 50 students 

per section in each semester; however, only about 40 student s 

per section actually attended the classes and answered the 

written tests. 

Students of the course sections used in the experiment 

were not randomly selected because students are free to 

enroll in any of the sections of Physics II, but once they 

are enrolled no changes can be made. At registration they are not 

aware of which teacher will be in charge of a certain course 

secti on; the major factor determining students' preference 

for a certain section is, in general, their own scheduling 

convenience. 

During the pilot research, the two sections were divided 

into three experimental groups. All the 37 students of the 

first section received the written feedback (W.F.) treatment 

with emphasis on written communication between student and 

teacher. Students from the other section were, in turn, 

randomly divided into two groups with which the other two 

t r e a t me n t s ( C . I . a n d G . D . ) w e r e u s e d . F i g u r e 3 s h o w s h o w t h e 

students of these three experimental groups were selected for 

the pilot study. 
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270 Students 
6 Sections 

Fi rs t 
Secti on 

37 Studen ts 

Second 
Secti on 

39 Students 
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Random 
Ass i gnment 

t~. F. 
37 Students 

Figure 3. Th e Selection of the Three Experimen tal Groups for the 
Pilot Research Study. 
Key: W.F. = Written Feedback Strategy 

C.I. = Clinical Interview Strategy 
G.D. = Group Discussion Strateay 

The three f orm ative evaluation strategies used to 

stimulate feedback and sh ar ing of meanings, were already 

presented, described and justified in Section III.4. The main 

differences among these three experimental treatments are 

concerned wi th the kind of feedback that each group recei ved 

after performing the laboratory experiments and tests : 

- the G. O. group was di vi ded in two sub -groups, each one wi th 

about lO students, for the purpose of group discussions 

lasting about 45 minutes per sub-group , three times along 

the semester; 

- the C.I. students were excused from the class planned for 

group discussions, but they were required to participate in 

ind ividualized clinical interviews, lasting half an hour 

pe r studerit, during the same week of group discussions 

(three times along the semester); 

- the W.F. group was also excused from the class planned for 

the group discussions, but W. F. students received back 
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their laboratory tests with comments and individuali2:ed 

remedial written work requirements; this was dane with 

emphasis on written communication, so that no more than 

fifteen minutes per student per test were taken from the 

teacher ( researcher). 

With the sample design used in the pilot resear ch run, 

we had diffi cu lties to manage the group di scussio ns within 

the limited period of 45 minutes because the number of nearly 

10 students per sub-group ended up as being too large. For 

this reason, in the second research run, we changed the system 

of selecting three experimental groups: we randomly selected 

the three experimental groups from each one of the two course 

sections. Figure 4 schematizes this selection approach that 

permitted group discussions with smaller groups (5 or 6 

students per sub-group), and also allowed to increase the 

number of students (from 18 to 25 students) of the clinical 

interview strategy because in the pilot research the C.I. 

strategy showed to be the most fruitful source of research 

information. 

In addition, through this kind of sample selection used 

in the second research run, as said before, we got three 

randomly selected experimental groups from each of the two 

course sections. Therefore, a sample selection improvement 

was made: in the pilot run a course section provided the 

written feedback group with no randomization while in the 

second run all groups were randomly selected. 
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Fi rs t Random 
Secti on 

Selection 
34 Students 

Pop ulation 

370 Students 

9 Sections 

Se con d Random Section 
40 Students Selection 

Figure 4. The Selection of the Three Experimental Groups for the 
Second Research Run. 
Key: W. F. = Written Feedback Strategy 

C. I. = Clinical Interview Strategy 
G.D. = Group Discussion Strategy 

III-6 Performed Instructional, Evaluative and Research 

Activ ities 

In both the pilot and the second research studies, 

students took part in the following main activities re l ative 

to the research: 

(a) studying instructional units about an Analytical 

Method (The Gowin' s Questi ons and Epistemologi cal 

V e e) ; 

(b) performing laboratory experiments oriented by 

laboratory guides; 

(c) answering laboratory tests; 

(d} participating in only one type of three formative 

evaluation activities to get feedback; 

(e) answering a final questionnaire. 

.. 
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Ill-6.1 The Instructions about the Epistemo1ogica1 

F ramewo rk 

In both research runs, students received written 

instructions (accompanied by near1y 60 minutes of oral 

explanations) about an 11 Analytical Method 11 {that is, the 

Epistemological Framework or the Gowin•s Vee) for the purpose 

of students• use in the five laboratory experiments, and the 

corresponding tests, of the Physics li course. 

In the pilot research run, we divided these written 

instructions about the 11 Analytical Method 11 in two instructional 

units: the first one concerned with 11 the six questions 11 

(adapted from Gowin•s five questions), and the second one 

with the Vee. Both units were complemented with applications 

to the classical 11 Hooke•s Law Experiment 11
• 

Specifically, the following 11 six questions 11 were 

introduced, explained and examplified through the first 

instructional unit in the pilot run: 

( 1 ) 

( 2) 

( 3) 
( 4 ) 
( 5 ) 
( 6 ) 

What is (are) the observed event (s), i.e., the 
phenomenon(a) that is (are) being studied? 
What is (are) the telling (basic) question(s) of the 
experi ment? 
What are the key concepts? 
What is the experimental procedure (method)? 
What are the knowledge assertions {affirmations)?(l) 
What are the value assertions (affirmations)? 

Then, in the pilot study, the Vee was introduced later 

through a second instructional unit and before the third 

( 1 ) 
Just to clarify: in the last two questions, Portuguese 
terms which correspond to the English words 11 assertions 11 

and 11 affi rmati ons 11 were used because they provi de the 
b e s t t r a n s l a t i o n to t h e P o r t u g u e se o f t h e te rm 11 c 1 a i m s 11 

originally introduced by Gowin (1970). 
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laboratory experiment. 

By separating the instructions about the Analytical 

Method in two parts, the 11 Six questions 11 and the Vee, we were 

in tending to allow the students to proceed slowly in the 

understanding and use of the Method in the description of the 

structure of a 1 aboratory experi ment . Thi s approach showed to 

be not efficient: students lost the opportunity to get earlier 

the general overview of the laboratory structure which is 

provi ded by the Vee. We real i zed that it i s more frui tful to 

introduce the Vee at the beginning of the course, that is, 

t h r ou g h t h e f i r s t i n s t r u c ti o na 1 u n i t , be cause s tu de n t s h a v e 

an early opportunity to acquire a general view of the 

structure of a laboratory experiment. This was evidenced by 

information that we got through feedback from the formative 

evaluation activities and it was quantified through students' 

answers to an item of the Final Questionna 1re . At the end of 

the pilot research run, we included the following assertion, 

asking for students' opinion (agreement or disagreement): 

11 lf the Vee had been given at the very beginning 
of the course and elaborated since the first 
laboratory experiment, I would have progressed more in 
the understanding and use ·Jf thP Analvtical Method 11

• 

Sixty six students answered this question, providing the 

following frequencies: 19 strong agreements and 28 simple 

agreements, total1zing 47 agreements; 4 strong disagreements 

and 7 simple disagreements, totalizing 11 disagreements; 8 

students expressed no opinion. In summary, at the end of the 

pilot research run, 47 students (out of 66) agreed that the 

Vee shoul d h ave been gi ven earl ier, i .e., before the thi rd 

.. 

.. 
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laboratory experiment and test. 

As a consequence, at the very beginning of the second 

research run we introduced a first instructional unit already 

including the Vee. This unit was complemented by a second one 

including an example of application of the Vee to the 

c1ass i c al "Hooke's Law Experiment" . In ad dition, a sho rt 

thi rd wri tten uni t wa s gi ven after the fi rst 1 abora tory test 

in order to clarify and revise the main aspects of the Vee 

where the students showed misunderstanding. These three 

instructional units about the Analytical Method (the Vee) are 

in Appendix A. 

This approach for the instructional units showed to be 

appropriate as the reader can see through the data analysis 

presented in the next chapter. By now, we will just present 

the evidence provided by students' opinion, at the end of the 

second research run, to the following statement: 

"It would be more fruitful if the Vee had been 
introduced slowly in the cou rs e and had begun to 
be elaborated by the students only at the third 
laboratory experiment and tes t". 

Fifty students opined and the frequencies were : 5 strong 

agreements and 11 simp1e ag reeme nts , tota1izing 16 agreements; 

7 strong disagreements and 22 s imple disagreements, totalizing 

29 disagreements; 5 students with no opinion. In brief, only 

16 students (out of 50) found the instructional approach as 

unfitting. 

Additional considerations relative to the instructional 

units, used, respectively, in the first and second research 

runs, a re made in the next chapter. 
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III-6.2 The Laboratory Experiments and Tests 

In both research runs, nearly 80 students from the three 

experimental groups (taken from the two course sections) 

performed fi ve 1 aboratory experiments and tests. The fi ve 

experiments were named: 

L1 - Experimental Study of a Simulated 
Electrostatic Field 

L
2 

-Linear and Nonlinea r Resistors (Ohm•s Law) 
L3 - Resistor and Capacitar in Series Circuit 
L4 - Experiments of Magnetism (Projection of 

Ealing Film - loops) 
L5 - El ectromagneti c Inducti on 

Speci al 1 aboratory gui des ( see Appendi x C) were prepared 

for use in each 1 aboratory experiment, excl udi ng the L4 whi ch 

consisted of film-loop projections. All students received the 

same laboratory guides. 

Each laboratory guide consisted of a brief introduction, 

a theoretical background of the experiment, anda discussion 

of possible practical difficulties . Next, suggestions were 

given for an experimental procedure requiring performance and 

answers to some questions concerning the application of the 

previous instructions. Finally, the laboratory guide 

instructed students on what they should present at the end of 

the experiment: tables of measurements, graphs, numerical 

computations, and answers to some final questions . 

About one week before the laboratory class, students 

received in advance the corresponding guide, as well as 

practical orientations for the next experiment ; therefore, 

they had opportunity to get a general and preliminary overview 

o f th e n ex t 1 a b . 



• 

39 

L e t u s n o w de s c r i b e h o w t h e 1 a b o r a t o r y e x p e r i me n t ~ . a n d 

tests were carried out. 

A. The First Three Laboratory Experiments and Tests 

In both research runs, the first three experiments were 

performed by students working in groups of 4 students/group 

as it is usual in the "traditional 11 laboratory classes of the 

Physics II course. Each group worked in a separate laboratory 

table provided with laboratory kit . 

In the pilot study, after one anda half hour of 

laboratory work, oriented by the laboratory guide, the 

teacher anda teaching assistant, each student had half an 

hour for a brief individual test in which he/she was asked 

to apply the epistemological framework to the analysis of the 

experiment. The accomplishment of these tests at the final 30 

minutes of the two-hour laboratory class indicated two main 

shortcomings: 

(a) students had not enough time to perform the 

experiment; 

(b) the testing time was also unsatisfactory for a 

complete evaluation of students' learning . 

Let us detail this last aspect. In the pilot study, to ensure 

that each student's answers to the test questions were his/ 

/her own, we elaborated four different versions of the first 

two tests; therefore, each student was not stimulated to 

share answers with his/her neighbours. This also permitted to 

reduce each test size to fit in the limited time of 30 
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minutes. Of course, there was a disadvantage: each student 

had not an opportunity to answer all the questions involving 

the use of the Analytical Method (epistemological framework); 

consequently, he/she lost part of the educative experience 

that he/she could have got by answering all the questions . 

This shortcoming was in part r educed by giving the stude nts 

a second test (in the second laborato r y work) with questions 

different from those of the first one. For these reasons , in 

the third test used in the pilot run we changed the testing 

approach: the third test was the same for all the students 

and it was applied during a period of 45 minutes taken from a 

lecture which carne one or two days after the laboratory work. 

Th i s approach also provided more time to the students to 

carry out the thi rd lab e xperiment. However, a different 

kind of disadvantage might have resulted from the time gap 

between the actual laboratory work and the corresponding 

laboratory test (one or two days, depending of the course 

section), as well as from the additional testing time (4 5 

minutes) which was used in de t riment of t he le c ture . 

In the second research r un , for the first three 

experiments, this more approp r iate (although still imperfe c t ) 

approach of laboratory testing separated from the laboratory 

work was repeated mainly to meet time, administrative and 

evaluative constraints. It allowed the elaboration of just 

one refined type of test in ste ad of four different test 

versions for a same e xperiment; in addition, all students 

answered the same type of te s t in each one of the first three 

laboratory e xperiments. Conse quently, we also gota bigger 

.. 
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test samp le size which ended up as an improvement in terms of 

statistical analysis . Also , only in the second research run, 

students of the two course sections had a common two-hour 

lecture per week; therefore , three times along the semester 

(for the first th r ee tests), it was possible to take 45 

minutes from one of that lectures for a common labora tory 

test individually answered but perfo rm ed at the same time by 

all the studen ts . 

B. The Fourth Laborato ry Experiment and Test 

In the fourth labo r atory experiment, each course section 

was divided into five groups , with near l y 7 students/group, 

f or the projection of five Ealing film-loops (about magnetism 

experiments) specified in Appendix C. Each group received a 

projector anda film-loop for analysis using the Analytical 

Method (epist emo logical framework). 

In the pilot run , ea ch group answe r ed a same test, i . e . , 

each group of nearly 7 students worked all together 

el aborati ng a Vee for a speci fi c fi lm. At the end of the 

c lass each group projected and explained to the other group 

the film they had analysed. 

In the second r esearch r un, the program for the fourth 

laboratory was approximately the same but with three main 

modifications: (a) the test was revise d and refined, (b) each 

student answered his/h e r own test, and (c) the teacher 

(researcher) projec t ed and commented ea ch film in terms of 

the Vee at the end of the cl ass, i .e ., after the laboratory 

test. 
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C. The Fifth Laboratory Experiment and Test 

The fifth lab had very different approaches in the two 

research runs. First, in the pilot run, the fifth lab was 

carried out like the first thre ~ labs: 4 students working 

together as described before . However, in the second re search 

run, the fifth lab content was divided into three different 

parts ( rel ative to three di ffe r ent e vents o r phenomena) and 

each student worked alone with no lab guide but with a lab 

t est for one specific event . These three specific events are 

described and analysed in the next chapter (see also the three 

versions of the fifth test in the next chapter). Our 

objective, with this approach for the fifth lab in the second 

s t udy, was to test each student in the proposed third level 

o f achievement of the epistemological framework: "application" 

of the epistemological framework to a new situation in order to 

o b t a i n k no w l e d g e c l a i m s ( s e e t h e " T h i r d L e v e l " o f a c h i e v e me n t 

specified in Section III-1) . 

To permit this kind of individual work, the two hours of 

the laboratory class were divided into four periods of 30 

minutes and a group of nearly 7 students/group was scheduled 

to each period; thus, each student had a maximum of 30 

minutes to work with the lab equipment (focusing and 

analysing one of three specific events) and an additional 

half an hour for completing his/her lab test but without the 

use of the equipment now already being in use by another 

colleague. The three different lab tests were distributed at 

random at the beginning of the lab work. This approach for 

the fifth lab worked quite well and allowed individual work 

f 
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and testing of the third level of achievement as the reader 

will see in the next chapter. 

We were positively surprised with the students ' 

enthusiasm with this fifth lab approach; they liked the wo r k 

conditions and the new challenging situation that r equ ire d 

individual thought and application of the epistemologi c al 

framework (See students' opin i ons in the Appendi x G) . 

III-6.3 The Developmen t of the Formative Evaluation 

Activities 

In Section III-3, we described and justified the use of 

t he three instructional and formative evaluation strategies, 

namely: Individualized Clinical Interviews (C.I.), Group 

Discussions (G.D.), and Written Feedback (W.F.). As said 

before, each student participated in only one of these three 

strategies. 

In both research runs, the C. I. and the G. D. strategies 

were used three times during the course: initially, after the 

first lab and test; second, after the third lab and test; 

finally, before the fifth (last ) lab and test. The W. F. 

approach was used after each 1 aboratory test except the fi fth 

one (when students answered the Final Questionnaire). 

Each one of the three clin i cal interviews lasted 30 

mi nutes and the time peri od of each group di scussi on sessi on 

was 45 minutes. Each one of the additional written 

communications(four times along the course), through the 

corrected lab tests, which represented the W.F. treatment, 

took us an average time of 15 minutes per test (student). 
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The number of students assigned to each one of the three 

treatments is specified in Section III-5. The objectives of 

each set of C.I., or G.D., or W.F. activities are presented 

in the next chapter together with the data analysis of 

students 1 participation in each treatment. 

III-6.4 The Final Questionnaire 

In both research runs, after the fifth (last) lab test, 

students answered a Final Questionnaire. The aim of this 

questionnaire was to collect students 1 opinions and final 

c ri ti cal commen ts rel ative to thei r parti ci pati on, 

difficulties, and learning insights in the understanding and 

use of the epistemological Vee that they had just finished to 

work with in the Physics II laboratory context. The content 

and the analysis of students 1 answers and opinions exp ressed 

in the Final Questionnaire are presented in the ne x t chapter. 
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Chapter IV 

DATA ANALYSIS 

IV-1 Introduction to the Data Analysis 

In this chapter we will present mainly the analysis of 

data of the second research run because, as we pointed and 

commented earlier in Chapter III, several shortcomings 

happened in the first (pi lot) research run. These shortcomings, 

which were corrected in the second research run, were the 

following: 

a) the three experimental groups were not all randomly 

selected (as mentioned in Section 111-5); 

b) the number of 10 students per sub-group was too large 

for the purpose of group discussions (as pointed also 

in Section 111-5); 

c) the separation of the instructional units about the 

Analytic Method in two parts (the "six questions" and 

the Vee) was not an efficient approach for the 

Physics II course context with only five laboratory 

experiments (See Section 111-6. 1); 

d) the accomphishment of the two first laboratory tests 

at the final 30 minutes of a two-hour laboratory class 

caused two main shortcomings: the students had not 

enough time to perform the experiment, and the testing 

time was also unsatisfactory for a more complete and 

worthwhile evaluation of students' learning (as 

commented in Section III-6.2, A); 

45 
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e) the fourth laboratory test was answered by sub-groups 

of nearly 7 students working all together and, 

consequently, each student did not answer alone his/ 

/her own test (See Section III-6.2, B); 

f) the evaluative approach of the fifth laboratory test 

did not permit testing each student in the proposed 

third (higher) level of achi evement: application of 

the structure of knowledge to a new situation in order 

to obtain knowledge claims (See comments in Section 

III-6.2, C). 

These shortcomings of the first (pilot) resear c h run were 

eliminated in the second run as explained in the same sections 

of Chapter III pointed above. In addition, in the second run 

there was a general improvement in the content of the 

instructional units about the Vee, in the content of the 

laboratory guides, in the discriminative power of the 

l a b o rato r y te s t s , i n t h e f o rm a ti v e e v a 1 u a ti o n a c ti v i t i e s , a n d 

in the final questionnaire. 

Taking into account all these reasons mentioned earlier, 

we will direct this chapter mainly to the analysis of data 

collected in the second research run; however, when analysing 

the answers given by students to the final questionnaire, we 

will also include and analyse the ones given by students of 

the first research run. This will permit the reader to get an 

additional overview of the pilot research run and to perceive 

some of the improvements made in the second run. Indeed, we 

conclude this introduction to the data analysis emphasizing 

that, coherent with the concept of formative evaluation 

• 

• 
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(Section 11-4 and Appendix B), the pilot research run was 

qui te worthwhile main1y because i t permi tted detection of those 

shortcom1ngs in time to correct deficiencies and promete 

improvements in the research design, materia1s and activities 

for the second research run . 

IV-2 Data Ana1ysis of the First Laboratory Experiment 

and Test 

In the second research run, anticipating the first 

laboratory experiment and test, the students received the 

first two instructiona1 units about the Ana1y}icMethod (Gowin's 

E p i s tem o 1 o g i c a 1 V e e ) t h a t a r e s h o w n i n A p p e n di x A . I n o r de r to 

discuss and clarify the content of these written instructions 

about the Vee, two periods of ha1f an hour each one (in two 

different days) were used from the 1ectures. The students also 

received the 1aboratory guide of the first experiment 

(Appendix C) in advance. Appendix O shows the Vee and concept 

map that were used as a reference for the construction of the 

first 1aboratory guide and testas well as for the eva1uation 

o f t h e s tu de n t s ' per f o rm a n c e i n t h e f i r s t te s t . 

Tab1e 1 shows the 10 questions inc1uded in 6 items of the 

first 1aboratory test; the means and standard deviations of 

answers given by 74 students to the questions are indicated. 

The resu1ts and some statistics of the first testare 

summarized in Tab1e 2 . 
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Tab1e 1. First Laboratory Test. Questions are about the 
"Experimental Study of a Simulated Electrostatic 
Fie1d" 1aboratory experiment. The means and 
standard deviations of answers given by 74 
students to the questions are indicated. 

Question 

1. a) Indicate the basic electr ic event 
(phenomenon) which you made happen 1n 
this lab experiment. 
b) Why did we use the term "simu1ated" 
in the tit1e of this experiment? 

2. Mention one of the basic (telling) 
questionSThat you ãns-wered when you 
performed this experiment. 

3. With regard to the theoretica1 
(conceptua1) background of the 
ex pen ment: 
a) Indicate the key concepts (the 
fundamental concepts) invoTVed in the 
experiment. 
b) Show brief1y how these key concepts 
are 1o~i ca 1ly and mathematica1ly 
re lated among themselves. 

4. Concerning the experimental procedure: 
a) Measurements: Indicate the 
measurements (records of events) that 
you made , i .e., what did you measure? 
b) Transformations: Describe how you 
transformed the measurements, i .e., 
what did you make with the measurements? 
(Indicate how the conceptual domain 
orien t ed you on these transformations). 
c) Interpretations: Indicate how you 
interpreted the data (the transformed 
rec ords) in arder to obtain an answer 
to the basic question which you 
mentioned in the item 2 before. (Show 
how the theory guided you on these 
interpretations). 

5. Express the knowledge claim you 
established as the answer to the basic 
question which you indicated in the 
item 2 before. 

6. What is a possible value claim for 
a) the knowledge claim that you 
indicated in the question 5 above? 
b) the whole experiment you performed? 

wrong correct 

o . 5 1 . o 

Mean SD 

.43 .42 

. 30 .42 

. 74 .40 

.58 . 28 

. 34 .28 

. 77 .32 

.68 . 36 

.52 .46 

.50 .45 

. 51 .40 

.. 
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Table 2. Data of the First Laboratory Test. 

% o f the s co r e s Mean Standard 
Quest ion o f 74 students Score Deviation 

o o. 5 1 . o Di ffi cul ty and 
I tem Content W ro ng ( ± ) Correct Discrimination Level s 

1 . a Event 45 24 31 0 . 43 0 . 42 
difficult goo d 

l . b The term 63 1 4 23 o. 30 o. 41 
"simulated" very difficult good 

2 Basic (Telling) l 9 1 5 66 o. 74 0.40 
question v e ry easy good 

3.a Key concepts 9 6 5 26 0.5 8 0.28 
easy intermediate 

3.b Relations hip s 37 59 4 0.34 0 . 28 
among concepts very difficult i nterme . 

4.a Measurements 8 30 62 o. 77 0.33 
( Records o f events ) v e ry easy good 

4.b Transformations l 5 35 50 0.68 o. 36 
of measurements easy good 

4 . c Interpretations 39 l 8 43 o. 52 0.46 
o f data in termediat e good 

5 Knowledge c l a i ms 39 22 39 0.50 0.45 
intermediate ÇJOOd 

6 V alue claims 31 35 34 o. 51 o. 41 
intermediate goo d 

Tot al Mean: 5.4 * 

Standard Deviation o f th e Total Mea n: l . 9 . 

Reliability Coeff ic ient o f th e Te s t : 0. 67**. 

Standard E r r-o r o f the Measurement: l. l . 

* Maximum value of the Total Mean = 10.0 . 
** 

Calculated by a Kuder-Richard son form ula (Ebel , R. L., 1972, p.419 ). 
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In Tables 1 and 2 we can observe that: 

a) the group of students had poor means (less than 0 . 50) 

in questions l.a, l.b, and l.c, that is, in the 

identification of the basic event (phenomenon), in 

the elucidation of the term 11 simulated"(l) used in the 

tittle of the expe r iment, and in the description o f the 

relationships among concepts; 

b) the group of students got intermediate means (nearly 

50% of the maximum score) in the questions 3.a, 4 . c, 

5, and 6, that is, in the identification of the key 

concepts, in the interpretations of data, and in the 

expression of knowledge and value claims; 

c) the group of students obtained higher means in 

questions 2, 4.a, and 4.b, that is, in mentioning a 

telling (basic) question, in indicating the 

measurements, and in describing the transformations 

of measurements . 

In the question concerning the identification of the 

basic event, 45% of the 74 students received a zero (minimum) 

score because they gave wrong or incomplete answers such as : 

jjelectrostatic field", or "production of an electric field" , 

or "study of electric lines of force (or of electric 

equipotential lines)" . In the same item asking the 

( 1 ) The electrostatic field is "simulated" because it is not 
actually static: there are weak electric currents due to 
the motion of ions in the water layer (as explained in 
the Considerations of Practical Nature of the first 
laboratory gui de shown in Appendi x C). These currents 
permit measurements by the voltmeter . 
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identification of the basic event, we intentiona11y asked 

a b o u t t h e te rm 11 s i m u 1 a t e d 11 u s e d i n t h e t i t 1 e o f t h e 

experiment, in arder to stimulate students' attention to the 

actual event( 2 ). This c1ue, however, did not he1p students 

much because they also got very poor sco r es in the 

question: 63 % of the 74 students gave wrong explan a tio ns, and 

only 23% of the students actually knew the reason of being of 

t h e te rm 11 s i m u 1 ate d 11 
• 

In the formulation of a telling question of the first 

experiment, it was particularly surprising to us to see nearly 

19 % of the students proposing 11 Are the electric lines .of force 

perpendicular to the equipotential 1ines? 11 as a telling 

(basic) question. This cannot be a telling question of the 

first experiment because the experimental procedure followed 

by the students did not permita check on this oerpendicularism 

already known from the theory. In other words, the performed 

experimental procedure di d not provide separately the two 

families of lines, the equipotential lines and the lines of 

force, for posterior superposition in arder to verify the 

existence (or non existence) of the perpendicularism between 

the two families. 

In the description of the relationships among the key 

concepts ( represented through a concept map in Appendi x D), 

only 4% of the 74 students obtained the maximum grade and 37 % 

( 2 ) In the Vee of the first experiment (Appendix D) we 
describe the basic event: electric potential difference 
from an electric power supply producing an electric field 
which produces weak ionic currents in a tank with a fine 
1 ayer of water . · 
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received the minimum (zero) score. Indeed, the students 1 

difficulty in the description of the concept relationships 

remained, to a certain extent, during the next four laboratory 

experiments as the reader will see in the analyses of the 

other tests. 

Concerning the interpretations of data (question 4 . c), 

57% of the students did not obtain the maximum grade because 

they confused the interpretations of data with the 

transformations of measurements, or because they tried to 

interpret the data without the correct use of the theoretical 

background. Other students obtained the minimum score in the 

question because they were not specific in their answers: they 

indicated general interpretations or knowledge claims not 

based on data. 

The students 1 main mistakes in questions 5 and 6, namely 

the statements of knowledge and value claims, were: to provide 

a knowledge claim to an incorrect telling question and to 

repeat a knowledge claim already stated through other words as 

being a value claim (without any connotation of importance or 

usefulness for the results or for the whole experiment). 

Actually, also in the pilot research run students had 

difficulties in stating value claims and philosophies 

and, consequently, in the second research run we gave up 

asking them what philosophy (world view and system of values) 

was underlying the theory, the experiment, and the value 

claims. 

Table 2 shows the difficulty and the discrimination 

levels of the questions of the first test. The criteria which 

.. 
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we used to estimate the difficulty level of each question 

(difficulty for the group of students) is shown in Table 3. 

Table 3. The criteria used to estimate the difficulty level 
of each question of the laboratory tests. 

Mean S core o f the Question Difficulty Leve l 

Highe r than o. 70 Ve ry easy 

I 
Between 0.55 an d o. 70 Easy 

Nearly 0050 Intermediate 
I 

Between 003 5 an d 0.45 Difficult 

Lower than o o 35 Ve ry Difficult 

The criteria which we used to estimate the discrimination 

level of each question was mainly based on the numerical value 

of the standard deviation of the mean of each question; the 

criteria is presented in Table 4 . 

Table 4. The criteria used to estimate the discrimination 
level of each question of the laboratory tests. 

Standard Devi a ti on o f the Discrimination Leve l 
Me an S core o f the Ques ti on 

Higher th an o o 30 Good 

Between 0.20 and o. 30 I n te rm e di a t e 

L owe r than 0020 Poor 
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According to these criteria, e . g., the students had very much 

d i f f i c u l t y i n a n s w e r i n g t h e q u e s t i o n s l . b ( t h e t e rm 

"simulated 11
) and 3.b (relationships among concepts). These 

criteria also indicate, e.g,, that the questions 3.a (key 

concepts) and 3.b (relationships among concepts) had 

intermediate discrimination because the standard deviations 

of th e means of t hese two questions were not quite high (0.28) . 

Table 2 also shows the total mean score of the first 

test, 5.4, and its standard deviation, 1.9 . It also shows the 

r e l i a b i 1 i t y c o e f f i c i e n t ( 3 ) o f t h e t e s t , O . 6 7 , a n d t h e s ta n da r d 

errar of the measurement( 4 ), l . l. The 1atter statistics 

permits us to say that, under a confidance of 68%, the true 

score of a student, for example, who received a grade 5.0 

would be between 3.9 and 6. l 

Table 5 shows the key concepts of the first experiment 

as indicated by the students . 

The very low number of indications to the "e1ectric 

current" concept i s coherent wi th the very poor grades 

obtained by the students in the fi rst two questions, i .e., in 

the identification of the basic event and in the elucidation 

of the term "simulated" of the title. In order to answer 

correctly these two questions, it is necessary, at first, to 

perceive the electric current as a very fundamental concept 

of the experiment and 61 out of 74 students did not perceive 

i t. 

( 3 ) C a l cu l ate d b y a K u de r- R i c h a r d s o n f o rm u 1 a ( E b e 1 , R . L . , 
1972, p. 419). 

( 4 ) 
See Ebel, R.L., 1972, pp . 423-424. 
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Table 5. Ke y concepts indicated by 74 students in a 
que s tion of the first labo rat ory test about 
the "Experimental Study of a Simulated 
Ele ct rostatic Field" laboratory experiment. 

Key Concepts and Number of Indications from 74 Students 

Electric Po t e nt i al or 
Electric Pote ntial Difference . . . . ........ . . . ... . .. . 6 1 

Electric Field . .. .. .. .... . ..... . . .. ...... . ......... 59 

Lines of Fo r ce .. . . .......... . ...... . ... ........ . .. 39 

Equipoten t ial Lines .. ...... ...... ...... ............ 30 

Ele c tric Charge . .. .... .. . . . .. . . .. . . . .. .. .. .... ... .. 24 

Lenght o r Di stance . ...... .... .... . .. . . ............. 18 

Electric Force .... . .. . .. ... .. . . .. . . . . ... . .... . .... . 15 

E lectri c Cu rrent ....... ........ .. .. ... .... .. . . .... 13 

Electric Flu x .. . . .. . .... . .. .. .... .... ........... . . ll 

Resistance or Resistivity .... . ............ ...... ... 7 

Vector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Symmet ry .. . . .. .... . . ...... .. . . .... . ..... ... ... .... . 

Wo rk ....... . . ... . . . . . .... ..... . ... . .. . . .... • .... . .. 

lt was particularly surprising to this author to see the 

low number of indications of some very fundamental physics 

concepts. Concepts such as 11 lines of fo r ce 11 (39 indications) 

and 11 equipotential lines 11 (only 30 indications out of 

74 students) were quite important concepts for the 

experiment but they received low number of indications. 

Even more, how can we explain why 13 students (out 

of 74) did not indicate the concept of electric potential 
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(or electric potential difference), or why 15 students did not 

mention the concept of electric field? They were very key 

c oncepts of the first experiment. 

Most concepts ind i cated by the students and shown i n 

Table 5 are actua1ly key concepts. However, we consider th a t 

t he concept of electric flux (11 indications) is not quite 

funda mental for the first experiment . The concept of work 

( j ust one indication) , of course, is not a key concept. The 

concepts of resistance or resistivity (7 indications) are 

actually key concepts because they are associated with the 

concept of the e1ectric current of the water layer . Finally, 

we consi der that the concepts of vector and symmetry are more 

mathematical than physics concepts. 

In the following section we describe the first clinical 

interviews, group discussions, and written feedback that were 

performed having the first test results as a main reference. 

Then, we complete the analysis of students' performance in the 

first test and we infer some reasons why students gave poor 

number of indications for some very fundamental concepts of 

the first laboratory experiment. 

I V - 3 T h e F i r s t Se t o f F o rm a t i v e E v a l u a t i o n A c t i v i t i e s 

As we mentioned earlier in Section III-3, three 

d i f f e r e n t i n s t r u c t i o n a l s t r a t e g i e s w i t h f o rm a t i v e e v a 1 u a t i o n 

were used in addition to the laboratory tests : the Clinica1 

Interview (C. I.), the Group Discussion (G.D. ), and the 

Written Feedback (W.F . ) strategies. The objective of these 
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strategies was to evaluate and provide feedback to the 

students in the understanding and use of the Analytic Method 

(Vee), and also to get additional information for 

instructional and research purposes. 

The rationales for the clinical interviews and the group 

discussions (Appendixes E and F), as well as the students' 

p e r f o rm a n c e i n t h e f i r s t 1 a b o r a to r y t e s t , w e r e t h e m a i n 

references for the development of the first set of C.I., G. D., 

and W.F. activities. 

Each C. I. lasted 30 minutes and was individually 

conducted with 24 students; just one student of the C. I. 

group dropped out of the Physics II course . 

Four G.D. sessions, with 5 students per session and 

lasting 45 minutes each one, were conducted with a total of 

20 students. By the time of the first group discussions, 3 

out of the 23 students of the G.D. experimental group had 

already dropped out of the cou.rse . 

The W. F. communication was developed with 25 students 

and, as we mentioned in Section III-6.3, each W.F. took us an 

average time of 15 minutes per test (student). At that time 

of the first W.F., just one student of the W.F. experimental 

group had dropped out of the course. 

Next, we summarize some information and key regularities 

detected by the first set of formative evaluation activities; 

they are concerning the students' conceptions, misconceptions, 

feelings, and patterns of thinking in the understanding and 

use of the Vee in the laboratory context. 
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IV-3.1 Analysi s of the Fi rst Clini cal Interviews 

The following inferences about students' performance in 

the understanding and use of the Vee could be made with the 

help of information collected by the first set of clinical 

interviews: 

a) The students asserted that they would need more time 

and practice to acquire understanding and mastery in 

the use of the Vee. 

b) Most students perceived that an improvement in their 

sense of cri ti cal appraisal was needed. 

c ) Most students had insufficient understanding of the 

theoretical background (left side of the Vee) when 

performing the experiment, although they had received 

the laboratory guide in advance and also lectures 

concerning the same theory. 

d) We can also infer that most students were not used to 

answering the kind of question requiring the indication 

o f key concepts. 

e) Most students actually did not know how to connect 

the theoretical and the experimental domains of the 

structure of the first laboratory experiment (left 

and right sides of the Vee). 

f) Most students di d not know how to i denti fy the event 

correctly because they were not used to verifying 

what was being measured and how it was being measured. 

This analysis could help the students because the 

measurements are records of the events. 

.. 
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g) The students had an additional difficulty in the 

correct identification of the event because they did 

not know the working system of a voltmeter which 

needs an electric current in order to indicate an 

electric potential difference between two points of a 

water layer . 

h) Many students obtained a poor grade in the first test 

mainly because they made a chain of mistakes 

o r i g i na te d i n t h e f o rm u 1 a t i o n o f a w r o n g te 1 1 i n g 

(basic) question at the beginning of the test. For 

example, one student indicated the worthless question: 

"Is the voltage constant along an electric 

equipotential line? 11
• Other students, as mentioned 

before in Section IV-2, wrongly indicated the question 

11 Are the lines of force perpendicular to the 

equipotential lines?" that was not answered by the 

first experiment. 

i) Several students indi cated a small number of concepts 

because in the question of the test it was not 

specified the number of key concepts that should be 

indicated. For this reason, in the following two 

tests, we required the indication of eight key 

concepts because we found this number (eight} as 

appropriate for the theoretical background of the two 

following experiments. 

j) Most s tudents were not used to expressing relationships 

among concepts vi a several ways such as mathemati cal 

equations, definitions, and logical relationships 
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given by practical rules, principles, and laws . 

k) Some students indicated a knowledge claim completely 

dissociated from the telling question that they had 

indicated before in the test. In other words, they 

lost the objective of the experiment by not connecting 

the answer (knowledge claim) with the initial telling 

questi on. 

IV-3.2 Analysis of the First Group Oiscussions 

As we mentioned before, a week after the first laboratory 

test, four group discussions (G.D.) sessions were conducted 

with 5 students per session lasting 45 minutes each one . 

The group discussions were performed with the purpose of 

sharing meanings and feedback for both students and teacher 

( researcher). 

For development of the first group discussions, the main 

references were the first laboratory test and the equipment 

and materials of the first experiment. 

Now, we briefly describe the content of each one of the 

four group discussion sessions. 

1. In the first session the discussions evolved around: 

l.a . The exi stence of the electric field E producing 

el ectri c forces F = q E on the i ons o f charge q o f 

the water and ionic currents in the fine layer of 

wa te r. 

l.b. The basic event of the experiment and, consequently, 

the ionic currents and the working system of the 

v o 1 tme te r. 
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l.c. The perpendicularism between the lines of force and 

the equipotential lines that was already known from 

the theory; the v8 -VA = -f 8 
Ê.d:t and the E= -VV 

A 
equations were reviewed. 

2. In the second session the group discussion developed 

about: 

2.a. The meaning and power of a concept and wh at conce pts 

w e r e t h e mos t f u n d ame n ta 1 i n t h e f i r s t e x p e r i me n t . 

2.b . The relationships among the concepts. 

2.c . The perpendicularism between the lines of force and 

the equipotential lines (as in the item l.c). 

2.d. The reasons why the electric potential is constant or 

the electric field equals zero inside a metallic 

cylindrical tube placed in the water layer. 

3. In the third session, students preferred to dis cuss: 

3.a. The value, significance , and utility of the Analytic 

Method (Vee). 

3 . b . The structure and organization of a labora tory 

experiment and of the Analytic Method. 

4. In the fourth sessi0n, the following aspects were 

discussed: 

4.a. The basic event of the first experiment (as in the 

i tem l . b) . 

4 . b. What content already known from the theory was or 

was not verified practically by the first laboratory 

experiment. 

Analysing the content of the group discussions, which 
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was chosen spontaneously by the students at the moment of the 

session, we can see that the content reflects the students' 

main difficulties in the first test, that is, difficulties in 

the correct desc ri ption of the event, the working system of 

the voltmeter, the theoretical background (concepts and 

relationships among concepts), and the purpose of the 

experiment. The content selected by the students in the third 

session also reflects students' interest in aspects of value, 

structure, and organization of both the Vee and the laboratory 

experiment. 

The information collected by the group discussions 

(concerning the students' needs, difficulties, and 

misconceptions) confirmed, in great part, the one collected by 

the clinical interviews and by the written feedback which we describe next . 

IV-3.3 Analysis of the First Written Feedback 

The written Feedback (W.F.) of the first labora tory test 

was carried out with 25 students. Each student received bac k 

his/her test corrected by the same criteria as the tests of 

the c. I. and G.D. students were corrected; however , additional 

written comments and requirements for written remedial work 

were made such as the completion of an answer to a certain 

question, the elucidation of a given answer, and the correcti on 

of a wrong answer . 

Now, we describe how the 25 students of the W.F. 

e x p e r i me n ta 1 g r o u p p e r f o r me d t h e w r i t te n f e e d b a c k o f t h e f i rs t 

test . 

Through the first written feedback, the 25 students 
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identified, and/or described, and/or explained: 

1 . The event: 

Completely correct: 5 students but one of them included 

measurements and transformations (out of place in the 

question whi ch was concerned only with the event). 

Completely incorrect: 3 students. 

Pa rt ly (about 50 %) correct: 3 students; one of these 

students provided a general description without indicating 

the main source of evidence. 

2. The term "simulated": 

Completely incorrect: 9 students. 

Completely correct: 6 students; one of them complemented 

his answer with a correct explanation about the working 

system of a voltmeter. 

Partly (about 50 %) correct: 2 students. 

3. The telling (basic) question: 

Completely correct: 5 students . About 50 % correct: 1. 

Comp1ete1y incorrect: 1. 

4. The key concepts: 

Comp1ete1y correct: 5 students. 

Not comp1ete1y correct: 4 students; 3 of them missing the 

concept of e1ectric current and one student indicating 

some concepts with no importance. 

5. The relationships among concepts: 

Not completely correct because stil1 missing very important 

re1ationships: 9 students. 
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Completely correct: 8 students. 

Very poorly: 4 students; one of these students indicating 

some relationships with no importance and another student 

indicating very particular relations as being general ones. 

6. The measurements: 

Completely correct: 4 students. 

Part ly (about 50%) correct: 3 students; 2 of them without specifying 

where the electric potential difference was measured and 

the other using just the term potential instead of 

potential difference. 

7 . The t r ansformations of measurements: 

Completely correct: 8 students. 

Completely incorrect: 4 students; 2 of them without 

i n di c a ti n g h o w t h e t h e o r e ti c a l i n forma ti o n ( t h a t t h e l i n e s 

of force are perpendicular to the equipotential lines) had 

oriented the transformations . 

8 . The interpretations of data : 

Completely correct: 5 students. 

Partly (about 50 %) correct: 4 students; one of them confusing 

interpretations with knowledge claims . 

9. The knowledge claims: 

Completely correct: 5 students. 

Completely incorrect: 2 students; one of them still without 

knowing that it is an answer to a question. About 50 % 

correct: 1 student indicating more than was asked and 

answered through the experiment. 

1 O. T h e v a l u e c 1 a i m s : 

Completely incorrect: 13 students; 7 of them still without 
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knowing to express a value; 2 of them confusing value 

claims with theoretical aspects; 2 of them writing too 

much but without expressing a value for the knowledge 

claims o.r for the whole experiment. Completely correct: 

8 students. 

It was particularly surprising to us to observe that, 

even with a second opportunity through the written feedback, 

a significant number of students did not perform an 

acceptable written review in the three questions concerning 

the term "simulated" (9 students), the relationships among 

concepts (13), and the value c1aims (13). We have to emphasize 

that students performed the written feedback out of the class, 

with free amount of time to perform the written revision, and 

they cou1d consu1t their books, notes, and colleagues. 

Considering the above information, we can conc1ude that a 

significant percentage of students had actually very much 

difficulty in answering these three questions, or that they 

were not sufficiently motivated to perform the work. 

The information obtained by three different channe1s 

(the C.I., the G.D., and the W.F.) permitted us to comprehend 

some of the students 1 basic difficu1ties in the understanding 

and use of the Vee in the first 1aboratory experiment and 

test. This information provided material for the e1aboration 

of a third instructional unit about the Analytic Method that 

is shown at the end of the Appendix A. Coherent with a 

f o rm a t i v e e v a 1 u a t i o n a p p r o a c h , t h i s t h i r d i n s t r u c t i o n a 1 u n i t 

aimed to he1p students to overcome their difficu1ties and 
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misconceptions in the understanding and use of the Vee that 

were detected through the first test and the first set of 

for mative evaluation activities. 

At the end of this chapter, we intend to make a final 

comparison of the total time involved in the development of 

the three formative evaluation strategies. Then, we conclude 

this section by showing the approximate total time used to 

carry out each one of the three formative evaluation activities 

aft er the first test: 
Clinical interviews : 

23 students x 30 minutes/student (interview) = 11.5 hours . 
Group discussions: 

4 sessions x 45 minutes/session = 3.0 hours. 
Written feedback: 

25 students x 15 minutes/student = 6 . 25 hours. 

At the end of the first set of formative evaluation 

a c t i v i t i e s ( a n d s ti 1 1 no w ) , t h i s r e s e a r c h e r h a d t h e i m p r e s s i o n 

t hat the highest amount of information for research and for 

instructional feedback (for the teacher) resulted from the 

c1inical interviews. A possible factor that determined this 

accepted (by the researcher) hig her am ount of information 

could be the higher amount of total time used for the clinical 

interviews in comparison with the ones of the two other 

strategies. 

IV-4 Data Analysis of the Second Laboratory Experiment 
and Test 

A week before the second laboratory experiment and test, 

in the second research run, the students received the third 

.. 
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instructional unit about the Analytic Method, which is 

presented in the final part of the Appendix A, as well as the 

laboratory guide of the second experiment (Appendix C). 

Figure 5 shows a Vee for the second laboratory 

experiment. 

Table 6 shows the 10 questions included in the six items 

of the second laboratory test. This table also indicates the 

means and standard dev1at1ons of answers given by 67 students 

to the questions. Table 7 summarizes the results and some 

s t atisti cs of the second test . Table 8 shows the key concepts 

of the second e xperimentas indicated by the students in the 

question 3 . a of the second test. 

In Table 6 we can observe that the students obtained 

high means in all questions excep t in the question 3.b, which 

asked students to write a definition which they had considered 

the most important one in the experiment. This students' 

d·ifficulty dese 1~ves some comments that we will present later. 

The questions of the second testare very similar to the 

ones of the first test, i .e., we j ust changed two questions 

of the first test : f i rst, we e xc luded the question about the 

t e rm 11 s i m u 1 a t e d 11 
( w h i c h h a s n o m e a n i n g i n t h e s e c o n d 

e xperiment ) and, second, instead of asking directly the 

relationships among concepts we asked a definition and the 

Ohm's Law which, of course, relate concepts. 

Comparing Tables 6 and 7 with Tables 1 and 2 we can see 

that there was an improvement in students' understanding and 

use of the Vee from the first to the second test. This 

improvement happened in the proposed (in Section III-1) first 
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TELLING (BASIC) QUESTION: 
Does each resistor ( common resistor, light bulb, NTC and 
LDR resistor) follow Ohm's Law? 

CONCEPTUAL 

PHILOSOPHY: 
Scientific knowledge about 
nature lies in observation 
and e xperiment based on 
theories that organize our 
facts, reasoning, deepening 
our understanding. 

TH EO RY: 
Theory of electrodynamics. 

PRINC IPLES ANO LAWS: 

Ohm's Law: R=.}= constant 
when the temperature T is 
co nstant. 

DEFINITIONS: 
El ectr ic resistance R, 
current I, potential 
difference V, field; linear 
resist or, conductor, etc. 

RELATIONSHIPS AMONG CONCEPTS: 
See the Theoreti cal Background 
of t he second l aboratory 
e xper iment in Appendi x C. 

KEY CONC EP TS: 
See Table 6 and add the 
co nce pt s of speed, metalli c 
c onductor, íon , and linearity. 

EV ENT: 

>­
<C 
_J 

0.. 
0::: 
l.Ll 
1-
z: 

METHODOLOGI CAL 

VALUE CLAIMS: 
The whole experiment allows the 
training of some basic laboratory 
skills . 
The knowledge claims show that 
Ohm's Law is a very particular 
law. 

KNOWLEDGE CLAIMS: 
The resistor is (is not) linea r 
and the temperature is (is not ) 
constant; t herefore the resistor 
follows (does not follow ) Ohm's 
Law. 

INTERPRETATIONS: 
Graphical analysis (Ris or is 
not linear ). If Ris linear and T 
i s constant, the resistor follows 
Ohm's Law. 

TRANSFORMATIONS: 
Tables, V vs. I graphs, 
calculations of R= VII and of 
average R. 

OBSERVATIONS : 
Ch anges of te mperature T and / o r 
luminosity. 

MEASUREMENTS: 
lO records of electri c potential 
differences and the corresponding 
electric currents acros s each 
resistor. Di rect measurements of 
electric resistances R with a 
ohmme te r. 

An Electr i c potent ial difference (V) applied 
on a resistor ( common, or light bulb, or NTC, 
or LDR) establishes a direct electric current I. 

Figure 5 . A Vee for the "Linear and Nonlinear Resistors 
(Ohm ' s Law ) " labora to ry experiment . 

.. 
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Ta ble 6. Second Laboratory Test. Questions are abou t the 
11 Linear and Nonlinear Resistors (Ohm 1 S Law) 11 

laboratory experiment . The means and standa r d 
deviations of answers given by 67 students to 
the questions are indicated. 

Question 

l . Indicate the basic electric event 
(phe nomenon) which you made happen in 
this lab experiment . 

2. Mention one of the basic (telling) 
questions-That you answered when you 
performed this experiment. 

3. With regard to the theoretical 
(conceptu~background of the 
experiment: 
a) Indicate eight key concepts (eight 
concepts which you consider the 
fundamental) involved in the experiment . 
b) Write the definition which you 
consider the most 1mportant in this 
experiment. 
c) Enunci ate the Ohm 1 s Law. Be very 
precise. 

4. Concerning the experimental procedure: 
a) Measurements: lndicate the 
measurements (records of events) that 
you made, i.e . , what did you measure? 
b) Transformations: Describe how you 
transformed the measurements, i .e., 
what did you make with the measurements? 
(Also indicate how the conceptual domain 
or iented you on these transformations). 
c ) Interpretations: Indicate how you 
interpreted the data (the transformed 
records) in order to obtain an answer to 
the basic question which you mentioned 
in the item 2 before. 

5 . Express the knowledge claim you 
established as the answer to the basic 
question which you indicated in the 
item 2 before . 

6. What is a possible value claim for 
a) the knowledge claTm that you 
indicated in the question 5 above? 
b) the whole experiment you performed? 

wrong correct 

o .5 l . o 

Mean SD 

.89 .2 0 

.92 . l 7 

. 78 . 24 

.34 . 37 

. 73 . 41 

. 9 7 . l 4 

. 82 .24 

. 9 3 . l 7 

. 76 . 30 

.80 . 28 
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Table 7. Data of the Second Laboratory Test. 

% o f th e scores 
Question o f 6 7 s tuden ts Mean Standard 

o 0.5 1 . o Se ore Deviation 
Item Content Wrong ( ±) Correct 

1 Event o 22 78 . 89 . 20 

2 Basic (Te11ing) o 16 84 .92 . 1 7 question 

3.a Key concepts o 45 55 .78 .24 

3.b Definition 49 33 1 8 . 34 .37 

3.c Ohm's Law 21 1 2 67 . 73 . 41 

4 . a Measurements 1 3 96 . 9 7 . 1 4 (Records of events) 

4.b Transformations 1 33 66 . 82 .24 of measurements 

4 . c Interpretat i ons o 1 5 85 . 9 3 . 1 7 o f data 

5 Knowledge claims 6 36 58 . 76 . 30 

6 Value claims 5 31 64 . 80 .28 

* To ta 1 Mean: 7.9 

Standard Deviation of the Total Mean: 1 . 2. 

Re 1 i ab i 1 i ty Coefficient of the Test : 0 . 51**. 

Standard Errar of the Measurements: 0.82. 

* Max i mum va1ue of the Total Mean = 10.0 
** Calculated by a Kuder-Richardson formula (Ebel, R.L., 

197 2 , p . 419) . 
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Tab1e 8. Key concepts indicated by 67 studen ts in a 
~uestion of the second laboratory test about 
the "Linear and Nonlinear Resisto r s (Ohm 1 s 
Law)" laboratory experiment. 

Key Concepts and Number of Indications from 67 students 

E1 ectri c Potenti a1 o r 
E1ectric Potentia1 Difference ....... . .... ... .. .... . 67 

E1ectric Resistance . . . ... . .. . . .. ......... . .. . .. ... . 67 

E1ectric Current . . .. . .......... . .. . ....... . ... . .... 67 

Temperature ..... . ..... . .............. . . .. . . ~ .. . .... 57 

Electric Fie1d ..... . .... . ..... . .................... 41 

Light . . ... .. .... . . ... ..... . ................. . ...... 34 

R e si s ti v i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 

E1ectric Charge ........................ . .. . ........ 26 

Energy . ............. .. . . . . ................. . .. . . . .. 10 

Conductivity .......... . .. . .. . ............ ... ....... 10 

Heat 

Time 

.... . ... . ..... . ............ . .. . ....... . . . .... . . 

... .. .... . ...... .. .... . ....... . ....... .. . . .. . ... 
9 

8 

Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Conductor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Resistor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Wo rk . . . . . . . . • . . • . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . 3 

Force . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Electric Polarization ........... . ... . .... . .. . ...... 2 

Current Densi ty ... .. ..................... ... . . .... . 

Photon .......... . . . ..... . ................. ... . . ..•. 

Temperature Coefficient of Resistivity ... .. . . ..... . 
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level of achievement of the epistemological framework, i . e., 

in the classification of the parts of the structure of 

knowledge of a laboratory experiment. 

Of course, we do not contend that the increase in the 

total mean score of the second test in comparison with the 

one of the first test, that is, 7.9 minus 5.4, reflects the 

amount of improvement. This claim cannot be made because of 

three main reasons. First, the two tests refer to two 

different laboratory experiments. Second, two out of 10 

questions were different in the two tests and contributed 

with 0.43 in favour of the total mean of the second test. 

Third, because 8 out of 10 questions of the first two tests 

were practically the same, the increase in the total mean 

score not only reflects students' growth in the understanding 

and use of the Vee but also reflects a higher familiarity of 

the students with the questions in the second test. This 

higher familiarity was surely very helpful to the students 

and must be emphasized mainly because a non-traditional 

laboratory test was in use. 

Even considering the interference of these three factors, 

i .e., the differences between the two experiments, the 

contribution of the two different questions for the increase 

of the mean of the second test, and the higher familiarity of 

the students with the questions in the second test, we contend 

that there was an improvement in students' capacity to 

c lassify the parts of the structure of a laboratory 

experiment . We do not know the amount of this student 

improvement but we are quite sure that it happened in the 

• 
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second laboratory experiment and test in relation to the 

fi r s t on e. 

This improvement of the students does not surprise us because we 

alr eady expected it. In Section 11-2 we assumed that the 

Physics li laboratory work usually was not effective and its 

potential was not duly e xp lored because, in part , the 

students usually were not provided with an epistemological 

framework that could guide them to the understanding and 

description of a laboratory experiment. We intentionally 

provided students with an epistemological framework (the Vee) 

in order to allow their improvement in that understanding and 

description. 

In addition, according to Gowin's triadic model for 

teaching (described in Section II - 4), we think that by giving 

our meanings through instructional materials about the 

Analytic Method (the Vee) to the students and receiving their 

meanings through the laboratory work, the tests, and the 

formative evaluation activities, an exchange of meanings 

probably occurred. However, because there is nota necessary 

causal relationships between teaching and learning(S), we 

concent rated our effort in the organization of instructional 

and evaluative conditions that could maximize the probability 

of stu dents' learning by using formative evaluation approaches. 

Let us now return to the s t udents' difficulty in writing 

a definition (Question 3.b of the second test). The 

(S) Lear ning is an idiosyncrat ic process, under the 
respo nsibility of the learner, or , as Gowin (1981) says , 
11 learning is a responsibility that cannot be shared ". 



74 

definition could be the one of the meaning of the electric 

resistance, or the electric current, or others. In Tab1e 7 we 

can observe that 49% of the students obtained the zero 

(minimum) score in this question 3.b. Based on information 

that we collected later through the second set of formative 

evaluation activities (performed between the third and the 

fourth 1aboratory experiments) we can infer that, at the time 

of the second test, the students' difficulty in the 

identification and statement of a definition reflected that: 

a) the training in the identification and statement of 

definitions was 1acking to the students; 

b) the students had difficulty in expressing relationships 

among concepts (that also may be expressed by a 

definition); 

c) the students misconceived the definition of electric 

resistance as being the Ohm's Law, i . e., they wrongly used 

the general definition of e1ectric resistance as being the 

Ohm's Law( 6 ) and, consequently, they did not use the 

definition of electric resistance as an answer to the 

question 3.b of the second test; in other words, they gave 

in question 3.c the answer that they should give in 

question 3.b; 

d) the students thought that a concept coul d not be a 

( 6 ) 
See the artic1e "Ohm's law and the definition of 
resistance" by Colm T.O'Sul1ivan, 1980, Physics Education, 
Vo1. 15, pp. 237-239. It is concerned with the confusion 
created when attempts are made to give a precise 
definition of electrical resistance and at the same time 
to introduce Ohm's 1aw. 
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definition or defined, i .e., because they indicated thE? 

concept of electric current, e.g., in question 3.a of the 

second test, they thought that they could not define 

e l e c t r i c cu r r e n t i n t h e que s ti o n 3. b . 

This latter students' misconception reflects that the 

st udents did not know one of the most important things we do 

with key concepts i n physics and other fields of study, that 

is, to give concept definitions. As Gowin says: 

"Concept definition is similar to operational 
definition. The similarity is found in the 
relation between words and events. Basically to 
define a concept is to show the way the key term 
points to the regularities in the phenomena of 
interest, the selected events." (Gowin, 1981, 
Chapter 4). 

Let us now analyse some statistics shown in Table 7. If 

we apply to the questions of the second test the same 

criteria, specified in Tables 3 and 4, that we used in 

Section IV-2 to decide about the difficulty and discrimination 

levels of the questions, we wi ll obtain: 

Difficulty level of the questions of the second test: 

9 very easy questions; 
l very difficult question (the question 3.b 
requiring a definition). 

O i s c r i m i n a t i o n l e v e l o f t h e q u e s t i o n s o f t h e s e c o n d te s t : 

3 questions with poor discrimination; 
5 questions with intermediate discrimination; 
2 questions with good discrimination (the questions 
3 . band3 . c). 

We can see that, applying those criteria, most questions 

we re very easy for the students and that three questions had a 

poor discrimination level because three standard deviations of 
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the means were quite low. We can say that the group of 

students became more homogeneous in the second test than it 

was in the first one. Consequently, the reliability 

coefficient of the second test (0.51) is lower than the one 

of the fi rst test (0.67). According to the theory of 

statistics, this reflects that the group became actually more 

homogeneous. Scores obtained from heterogeneous groups are 

likely to be more reliable than scores obtained from 

homogeneous groups; that is, the more variable the scores 

obtained from a test, the higher its reliability is likely to 

be( 7) . 

We infer that the group of students became more 

homogeneous as an effect of the formative evaluation approach 

which was used . Because re1iability is lowered by the use of 

formative evaluation approaches (which tend to yield more 

homogeneous groups) there is a classic claim in statistics 

stating that the concept of re1iability is incompatible with 

the concept of formative evaluation. In our research, we see 

the decrease of the reliabi1ity coefficient (from 0 . 67 to 

0.51) as a possible additional index measuring the effects of 

the formative evaluation activities which were developed 

between the first two tests. 

Let us see the key concepts indicated by the students 

(Tab1e 8). The concepts with the maximum number of indications 

( 6 7) 

( 7 ) 

are actua11y key concepts. The same we can say about the 

A worthwhi1e ana1ysis on test re1iabi1ity is presented in 
"Essentia1s of Educationa1 Measurement", by Robert L. 
Ebel, 1972, Ch. 15. 
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other indicated concepts except the concept of electric 

polarization (2 indications) which we consider with no 

impo r tance for the second experiment. However, we are again 

surprised with the low number of indications that some very 

important concepts received from the students; such is the 

case of the concept of temperature: lO (out of 67) students 

missed this important concept. Even more, these same 10 

students also missed the concept of heat. This shows that 

these 10 students were not mastering the theoretical 

background of the second experiment mainly because temperatu~ 

is a key concept present in the Ohm's Law which had the most 

important role in the experiment. 

A second written feedback was carried out after the 

second test by 12 students. From 23 students of the written 

feedback experimental group which had taken the second test, only 

12 students actually needed and performed the feedback; the 

other 11 students had had only minar mistakes and did not 

need it. From the 12 students, 10 made a very good written 

r e v i e w o f t h e te s t b u t o n e s tu de n t s ti ll di d no t k n o w h o w to 

express the Ohm's Law and another student still confused 

the concept of linear resistor with the concept of ohmic 

resistor, i.e., he still did not know that a resistor is 

ohmic when linear at constant temperature. 

The second set of clinical interviews and group 

discussions were carried out after the third laboratory test . 

The data collectéd through these interviews and group 

discussions will be presented and analysed later in Section 
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IV - 6 . Now, let us analyse the thi r d laboratory e x periment and 

tes t . 

IV-5 Data Analysis of the Third Laboratory Experiment 

and Test 

As in the fi rst two experiments, a week before the thi rd 

l a borato r y experiment and test the students received the 

corresponding 1aboratory guide (Appendi x C). 

Figure 6 shows a Vee for the third laboratory experiment . 

Tab1e 9 shows the 7 questions inc1uded in the four items 

o f the third 1aboratory test. This table also indicates the 

me ans and the standard deviations of the scores obtained from 

the answers given by 68 students to the questions. Table 10 

s ummari zes the data of the third test . Tab1e 11 shows the key 

concepts of the thi rd experimentas indicated by the students 

in the question 2.a of the third test. 

In Table 9 the reader can observe that modifications 

were mad e in the structure of the thi rd test in comparison 

wi t h t he one of the fi rst two tests. These changes were ma de 

ma i nly because, at the time of the third test, we were already 

satisfied in great part with the students' performance in the 

firs t level of achievement of the epistemological framework 

( Ve e) , that is, in the classification of the parts of the 

s t ructure know1edge of a laboratory experiment . Consequent1y , 

we de c ided to eva1uate students' performance main1y in the 

s eco n d l eve1 of achievement, that is, in the description of 

r elationships among the parts of the structure of knowledge. 

Therefore , the third test contains questions which require 

.. 
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TELLING (BASIC) QUESTIONS: 
a) What is the numerical value of the capacitative time 

constant RC? 
b) Does the charging (discharging) process of a capacitar 

with the time follow the function (equation) foreseen 
by the theory? 

CONCEPTUAL 

PHILOSOPHY: 
Scientific knowledge about 
nature lies in observation 
and experiment based on 
theories that organize our 
facts, reasoning, deepening 
our understanding. 

THEORY : 
Theory of electrical circuits. 
Theory of differential 
equations . 

PRINCIPLES ANO LAWS: 
Conservation of charge 
(energy). Continuity of 
electric current . Kirchhoff's 
second law (loop theorem). 

DEFINITIONS: 
Electric resistance R, 
electric current I, capacitance 
C, capacitative time constant 
RC, RC-series circuit, etc. 

RELATIONSHIPS AMONG CONCEPTS: 
See the theoretical Background 
of the third laboratory 
experiment in Appendix C. 

KEY CONCEPTS: 
See Table 9 . 

TRANSFORMATIONS: 

METHODOLOGI CAL 

VALUE CLAIMS: 
The whole experiment allows the 
training of some basic laboratory 
skills and illustrates very well 
the constant interplay between the 
conceptual and the methodological 
domains. The establishment of the 
RC numerical value provides a 
better understanding of the meaning 
of this capacitative time constant . 

KNOWLEDGE CLAIMS: 
a) RC nu.merical value equals . . . 

... second in the charging 
(discharging) process . 

b) The charging (discharging) 
process of a capacitar with the 
time obeys the exponential 
function (equation) foreseen by 
the theory. 

INTERPRETATIONS: 
. a) In the charging (discharging) 

process, the RC constant is the 
time that the capacitor needs to 
achieve 63% (37%) of its maximum 
(initial) charge or voltage. 

b) Graphi ca 1 a na lyses . 
c) Analysis of the (straight) line 

on a mono-logarithmic V vs. t 
graph. 

Tables, V vs . t graphs, graphical determinations of RC, 
calculations of RC, determination of the declivity of the V vs . t 
straight line on a mono-logarithmic graph . 

OBSERVATIONS: 
Comparisons between the charging and discharging processes .. 
Readings of the internal resistance R of the voltmeter and of the 
capacitance C indicated by the manufacturers . 

MEASUREMENTS: 
lO records of V and t (the electric potential difference accross 
the capacitar and the corresponding time), both for the charge 
and the discharges processes. 

EVENT: 
Charging and discharging processes of a capacitar in a RC -series 
DC circuit. 

Figure 6. A Vee for the "Resistor and Capacitar in Series Circuit" 
laboratory e xperiment. 
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Table 9. Third Laboratory Test. Questions are about the 
"Resistor and Capacitar in Series Circuit" 
laboratory experiment. The means and standard 
deviations of answers given by 68 students to 
the questions are indicated. 

Questi on 

1. Express one of the knowledge claims 
that you establfshed as an answer to a 
basic (telling) question by performing 
this experiment. 

2. With regard to the theoretical 
iconceptual domain of the experiment: 
a n 1cate eight physics key concepts 
(eight physics concepts which you 
consider the fundamental) invol ved in 
the experiment. 
b) Write mathematical equations, i.e., 
formulas which relate the concepts 
which you indicated in the item above. 
c) Write three physics definitions which 
you consider the most important 1n this 
experiment. 
d) The differential equation of the RC 
series circuit may be obtained either by 
applying a physics princi~le or by 
direct appl1cat1on of a p ysics law of 
e 1 e c t r i c c i r cu i t s . Menti o n t h i s p ri n c i p 1 e 
and this law. 

3. Consideringthe experimental procedure, 
you registered t~variations with time 
of the potential differences across the 
capacitar in both the charge and the 
discharge processes and then you 
transformed these records (measurements) 
by making calculations and sketching 
graphs. Explain how you interpreted the 
data (the transformed recoras) in order 
to-obtain the knowledge claim which you 
expressed in the item l before. It is 
very important to mention and explain 
the theory which oriented your 
1nterpretations. 

4. Express two reasons (objectives) which 
led us to represent the discharge process 
with time of the capacitar on a semi­
-logarithm graph (mono-logarithm paper). 

wrong correct 

o . 5 l . o 

Mean * SD 

.93 . 18 

• 86 . 1 4 

. 74 .26 

. 42 . 31 

. 34 .40 

.62 .29 

• 6 2 .26 

* All the seven questions have the same maximum score value 
which was normalized to 1 . O 

• 
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Table 10. Data of the Third Laboratory Test. 

Question 

% of the scores 
of 68 students 

Mean** 

an d 

W ron g Correct Standard 
Item * Content 

Knowledge Claim 

2. a Key concepts 

2.b Relationships 
among concepts 

2.c Definitions 

2. d Principle & Law 

3 Interpretations 

4 "Two reasons" 

Total Mean: 6.5***. 

O .25 .5 .75 l.O 

3 l 2 83 

o o 3 50 47 

3 7 19 32 39 

1 7 31 28 1 2 12 

50 9 15 7 19 

6 16 2 2 35 21 

4 2 60 7 27 

Standard Deviation of the Total Mean: 1.4. 

Reliability Coefficient of the Test: 0.57****. 

Standard Error of the Measurement: 0.95. 

Deviation 

. 9 3 . l 8 

. 86 . 14 

. 74 . 26 

. 42 . 31 

. 34 . 40 

. 6 2 . 2 9 

. 6 2 . 26 

The question content is completely described in Table 9. 

** A1l the seven questions have the same maximum score value 
which was normalized to 1 .O . 

*** Maximum value of the Total Mean = 10.0. 
**** Calculated by a Kuder-Richardson formula (Ebel. R. L .• 

1972, p. 419). 
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Table 11. Key concepts indicated by 68 students in a 
question of the third laboratory test about 
the 11 Resistor and Capacitar in Series 
Circuit 11 laboratory experiment. 

Key Concepts and Number of Indications from 68 Students 

Electric Potential or 
Electric Potential Difference o o ••• o o o o o •• o o ••• o . o o o 67 

Capacitance o o o . o o o o. o o o o o o o o o o o o . o o o o o •••••••••• • • o 67 

Electric Current .. o o ••• o o o •••••••• • ••••••••••••• o o . 65 

Resi stance o •• o o o • • o o ••• o • • o o • • ••••• •• ••••••• o •• o o o o 64 

Electric Charge . o. o o •• • o • • o . o • • • ••• ••• ••• •••••• •• •• 60 

Time • •• • ••• o o • o •••• o • ••••••• •••• • •• 56 

Electromotive Force . ... . . .. o o o. o o ••• o o •• o • •• •••• •• o 40 

Electric Field ...... o .... o . . .. o .. o ................. 23 

RC-Ci rcui t o o o •• o •• o ••• o. o o o ••• • ••• o. o o •• o •• o o o o • • •• 20 

. Resistivity o ••••• o o • • •• o . o •o ••••• o ••• o •• • • o •• O o •• 00 8 

En e rgy o o o • o o o • o o • o • o o o ••• • o o o o ••• o • o o • o o ••• o •• o o o o • 7 

Conducti vi ty o o • • o. o o o o o . o o o o o o o o o • • o o o o o o o o o o o o o o . o 6 

Electric Polarization . .... .. .. ..................... 2 

Capacitar o o o . o o o o •••• o •• o o. o o. o o o o o o o. o o ••• o •• • o o o o 2 

Power o. o . o o. o. o o • •• o o o ••• o o o o o o • • o o •• • o o o • ••• o. o o o . 

Wo rk o • o o • o o • o • o ••• • o o • o • o o o o o ••••• o • o o •• o •• o ••••• • o 

Resisto r .. o o • o o o ••• o • o •• o •• o o o ••• o • o o o o o ••••• • ••• o • 

answers mainly concerning the relationships among concepts 

( the four questions formulated in the item 2), and the 

relationships among the parts of the structure of knowledge 

• 
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as well as between the two sides of the Vee (the last two 

questions in the items 3 and 4) . 

Let us now make a parenthesis. With the last question we 

intended to evaluate the students' understanding of two 

objectives (reasons) which should have led them to represent 

the discharging process of the capacitar with time on a 

semi-logarithmic graph: first, to determine the capacitative 

time constant RC by other graphical method and, second, to 

verify if the discharging process actually followed the 

equation foreseen by the theory . From students' scores shown 

in Table lO we conclude that the students were not quite sure 

about these two objectives. 

In the correction of students' answers to questions of 

the third test, we used five discriminative indexes (O for 

wrong, 0 . 25, 0.50, O. 75 for partially correct, and 1.0 for 

correct answers, as shown in Table lO) instead of only three 

(O for wrong, 0.50 for partially correct , and 1.0 for correct 

answers) which we had used in the correction of the first two 

tests. Using five instead of three discriminative levels, we 

intended to improve the discriminative quality of our 

corrections in evaluating students' performance through the 

third laboratory test . 

In tables 9 and lO we can observe that the students 

obtained poor mean scores in the questions 2.c and 2.d, that 

is, in writing three physics definitions and in mentioning a 

princip1e and/or a law used in the establishment of the 

differential equation of the RC- series circuit. 

The definitions which the students tried to express when 
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answering the question 2.c were the definitions of: 

e1ectric current (37 out of 68 students), 

e1ectric resistance (34), capacitance (30), 

capacitative time constant RC (17), 

R C - se r i e s c i r cu i t ( 6 ) , a n d e 1 e c t r o mo ti v e 

force (1). 

In the question 2.d, the students shou1d have mentioned 

the Conservation of Charge (or Energy) Princip1e, or the 

Princip1e of Continuity of Electric Current, and the 

Kirchhoff 1 S Second Law (the loop theorem). However, they 

obtained poor scores in question 2.d: 50% of the 68 students 

received a zero (minimum) score and on1y 19% obtained the 

maximum grade in this question as shown in Tab1e 10. 

Let us ana1yse the key concepts indicated by the students 

in Tab1e 11. The concepts with higher number of indications 

are actua1ly key concepts. This indicates that students at 

this time had acquired training in the identification of the 

correct key concepts of an experiment. From the concepts 

which were indicated by the students, we consider e1ectric 

po1arization as nota quite important concept for the third 

laboratory and should not have received even the on1y two 

indications. 

Let us ana1yse some other statistics shown in Tab1e 10 . 

Applying to the questions of the third test the same criteria 

used in the analyses of the fi rst two tests (Tables 3 and 4), 

we obtain the following difficu1ty and discriminatio~ 1eve1s: 

Difficulty 1eve1 of the questions of the third test: 

3 very easy questions (the first three questions); 
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2 easy questions (the 1ast two questions); 
1 difficu1t question (the one requiring 
defini ti ons); 
1 very difficu1t question (the one requiring the 
princip1e and the 1aw). 

Discrimination 1eve1 of the questions of the third test . 

2 questions with ooor discrimination (the first 
two questions); 
3 questions with intermediate discrimination (the 
questions 2 . b, 3 and 4) ; 
2 questions with good discrimination (the questions 
2.c and 2.d). 

We can infer that the 1ow standard deviations and, 

consequently, the poor discrimination leve1s of two (out of 

seven) questions is an effect of a higher homogeneity of the 

group of students. However, the two questions whi ch requi red 

the three definitions, the princip1e and the law, were the 

most difficult for the students' answering and also had the 

better discrimination 1eve1s; therefore, the group of 

students seemed to be more heterogeneous when answering these 

two questions (2.c and 2 . d). 

Comparing the Tab1es 2, 7 and 10 we can observe that 

four statistics of the third test, that is, the total mean 

and its standard deviation, the reliability coefficient, and 

the standard errar of the measurement, have al1 numerical 

values between the ones of the first two tests; this is shown 

in Tab1e 12 . 

To compare and ana1yse just the statistics shown in 

Tab1e 12 cou1d 1ead us to wrong conclusions mainly because 

the three laboratory experiments were different and also 

because the structure of the third test is different from 

that of the first two tests, a1though the similarity of 4 
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questions (out of 7) of the thi rd test with 4 questions of 

the fi rst and second tests. 

Table 12. The Numerical Value of Some Statistics of 
the First Three Laboratory Tests . 

Labo rato ry Test 
Statis tics 

1st. 2nd. 3rd. 

To ta 1 Mean 5.4 7.9 6.5 

Standard Deviation 1.9 1 . 2 1 . 4 
of the Total Me an 

Reliability Coefficient o. 6 7 0.51 0.57 
--

Standard Erro r 1. 1 o 0.82 0.95 
of the Measurement 

A more va1id and secure ana1ysis may be made by comparing 

two statistics of questions which were similar in the three 

tests. This analysis can be made through Table 13 and 

F i g u r e 7. 

In Tab1e 13 we can observe that 10 questions were 

similar in two (or three) of the first three 1aboratory tests. 

The students' means in these 10 questions conce rni ng parts of 

the Vee are presented in Figure 7. 
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Table 13 . Means a nd S tandard Deviations of t he Means of 
Questio ns o f the First Three Lab oratory Te sts. 

Question 
Test Test 

Mean S e o re St andard Devia t ion 
about the 

l s t. 2nd. 3rd. l s t . 2nd. 2 r d . 

E ven t .4 3 . 89 - . 42 . 20 -
Term "s i m u 1 a te d " . 30 - - . 42 - -
Basic (Telling) . 74 . 92 . 40 . 1 7 question - -

Key concepts . 5 8 . 78 . 86 . 2 8 . 24 . 1 4 

Re 1a t ionships a mong 
. 34 - . 74 . 2 8 - . 26 concepts 

Defin iti on ( s ) - . 34 . 4 2 - . 37 . 31 

Ohm ' s Law - .7 3 - - .41 -

Princip1es an d 1aws - - . 34 - - . 40 

Measuremen ts . 7 7 . 97 - . 32 . 14 -
Transforma ti on s . 6 8 . 82 - . 36 . 24 -
I nterpretations . 5 2 . 9 3 .62 . 46 . 1 7 . 29 

Know1edge c1aims . 50 . 76 . 9 3 . 4 5 . 30 . 1 8 

Va1ue c1aims . 5 l . 80 - . 40 . 2 8 -
" Two reasons - - . 6 2 - - . 26 (objectíVe s)•r 
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Figure 7 . Means of the questions which were similar in laboratory tests . 

.. 
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In this · figure we can see that an increase happened in 

the means of all the questions, except in the mean of the 

question concerning the interpretations of data . In this 

question th .e mean decreased in the third test but, even so, 

to a value (0.62) higher than the one of the first test 

(0.52). However, we consider that, among the three first 

laboratory experiments , the interpretations of data req ui r ed 

in the third experimentare the most difficult to carry out, 

and that the ones of the second experiment are the easiest. 

If we accept these considerations as valid, we can infer 

from the means in this question about interpretations (see 

Figure 7) that there was also an improvement in the students' 

ability to analyse and interpret experimental data. 

In Table 13 and Figure 7 we can also observe that, at 

the time of the third laboratory test, students still had 

difficulties in the statement of definitions. 

On the whole, through the data summarized in Table 13 

and Figure 7, we can observe that, at the time of third 

laboratory experiment and test, most students already had 

improved their understanding of the epistemological framework 

and their ability to use it in the analysis of a laboratory 

experiment. 

Let us now analyse the second set of formative evaluation 

activities. 

IV-6 The Second Set of Formative Evaluation Activities 

The students' performance in the first three laboratory 
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te s t s w as t h e ma i n r e f e r e n c e f o r t h e de v e 1 o p me n t o f t h e 

second set of c1inica1 interviews and group discussions wh , c h 

were organized and carried out in a manner similar to that 

one of the first set. 

The second set of written feedback was deve1oped in t wo 

parts: initially, after the second test (see Section IV-4) 

and, posteriorly, after the third test . 

L e t u s n o w s um ma r i z e t h e i n f o rm a t i o n c o 1 1 e c te d t h r o u g h 

the second set of formative evaluation activities. 

IV-6.1 Ana1ysis of the Second Set of C1inical Interviews 

As in the first set, each c1inica1 interview of the 

second set lasted 30 minutes and was individua11y conducted 

with 19 students. Five students out of the remaining 24 

students of the clinical interview (C . I.) group did not 

appear for the scheduled interview and they did not give us 

any convincing excuse . We believe that these 5 students were 

not actual1y motivated for the interviews at that time of the 

second set. 

The following information was collected through the 

second clinical interviews: 

a) Most students did not know how to identify and to state 

definitions . 

b) The students had difficulty in expressing a definition 

correctly . In trying to define resistance, for examp1e, 

about 30 % of the 19 students wrong1y wrote that the 

resistance was direct1y proportional to the vo1tage. 
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c ) A b o u t 5 O % o f t h e l 9 s t u de n t s m i s c o n c e i v e d t h e de f i n i t i o ro 

of electric resistance as being Ohm's Law. 

d) About 50% of the 19 students thought that a concept could not have a 

definition, and that a definítion could not become a concept 

e) Most students dia 11 0t know the nature, the structure, and 

the functions o f a theory and its compone-nt parts, that 

is, the concepts , definitions, concept definitions, 

assumptions, relationships among concepts, laws and 

principles . 

f) Most students did not know the main functions and purposes 

of a theoretical model which are: to describe and explain 

phenomena, to predict natural outcomes, and both to make 

happen and control events . 

g) Most students did not know that a law (ora principle) 

fulfills two main functions : first, it summarizes many 

regularities in events and so makes for economy of thought. 

because if one knows the law (or principle) one does not 

need all events ; second, i t enabl es one to predi ct further 

events, because it tells one that if a phenomenon 1s an 

instance of a law , it will behave as the law (or princip 1e 

states . 

h ) M o s t s tu de n t s d i d n o t p e r f o rm q u i t e w e 1 1 t h e 

interpretations of data of a laboratory experiment because 

they did not master the theoretical background of the 

experi ment. 

, ) Few students too k time describing the measurements and the 

t r a n s f o rm a t i o n s o f r e c o r d s ( w h i c h w e r e n o t a s k e d i n t h e 

third test) in addition to describing the interpretations 
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(which were asked) 

J ) About 30 % of the 19 students described the interpretations 

of data very poor1y main1y because in thei r descriptions 

they moved far-away from the basic (telling) question 

k\ Most students had difficulties in performing and ana1ys,ng 

the third experiment because they 1acked train1ng 

(1) in the graphic representation of data, ( 2 ) in the 

drawing of a 11 best-fit 11 curve through the data po1nts, 

and (3) in 1nterpret1ng the curve as satisfying or not 

satisfying an equation 

IV-6 2 Analys1s of the Second Group Discussions 

A week after the third 1aboratory experiment, four group 

d, s c u s s i o n ( G . O ) se s s i o n s w e r e c o n d u c te d "' i t h a b o u t 4 

students per session, each lasting 45 minutes 

From the 20 students that had participated in the f1 r st 

group discussions, 17 students also participated in t he 

second ones, 2 students dropped out of the Physics II course, and 

JUSt one student was absent and he did not present us any 

convincing excuse . 

Now, we will briefly describe the content of the second 

set of group discussions : 

a) Discussions concerning the theoretical domain (1eft side 

of the Vee) of an experiment . That is, discussions concerned 

with the physics definitions, concepts, relationships among 

concepts, laws, and principles, which were involved in the 

theoretical background of the second and third experiments . 

b) Discussions about the meanings and functions of concepts, 
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definitions, principles, laws and theories . 

c) Discussions about the nature, the structure, and the main 

functions of a theory. 

d) Discussions about the general structure of the Vee. 

e) Discussions about the construction and the analysis of 

graphs mainly with the purposes of establis~ing a law or 

of trying out the validity of a theoretical equation . 

f) Discussions about the several possible types of curves 

(equations) and the use of a more appropriate graph paper 

for the graphic construction and analysis of each curve. 

IV-6.3 Analysis of the Second Set of Written Feedback 

As we mentioned earlier, the second set of written 

feedback was carried out in two parts. The first part 

(carried out by 12 students after the second test) was 

already described at the end of the data analysis of the 

second test (Section IV-4) . 

The second part of the second set of written feedback 

was developed after the third test. Fifteen students (out of 

the 25 students who had answered the thi rd test) actua lly 

needed and performed the written feedback; the other 10 

students had had just minor mistakes and did not need any 

written revision of the third test. The performed written 

revisions were mostly well done and mainly concerned with the 

last four questions of the third test, that is, with the 

relationships among concepts, the definitions, the principles 

and laws, the interpretations of data, and the two reasons 
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for the graphical representation of the discharging proces s 

of the capacitar with time in a mono-logarithm paper . 

We must emphasize that the third written revision was 

very well performed by most students. This contrasts mainly 

with the results of the fi rst written feedbac-k which showed 

that, even with a second opportunity, a significative number 

of students had not performed an acceptable written review 1n 

some questions (See the Section IV-3. 3) 

From the information collected through the second set of 

forma ti v e e v a l u a ti o n a c ti v i ti e s w e ma y c o n c 1 u de t h a t , a t t h e 

time of the third test, the students' main difficulties to 

perform a better analysi s of the laboratory experiment ( using 

the epistemological Vee as a reference) were mainly determined 

by students' three deficienc1es: 

1 . Most students carne in the laboratory class without an 

acceptable understanding of the theoretical background of 

the experiment . 

2. Most students did not know the nature, the structure and 

the functions of a theory and its component parts. 

3. Most students showed lack of knowledge and training in the 

graphic representation as well as in the graphic analysis 

of data. 

We should have elaborated written instructional units in 

arder to minimize the students' deficienc1es 2 and 3 pointed 

above, but we did not make it . However, we used every 

opportunity from the Physics II theoretical classes to 
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1ntroduce some key ideas concerning the nature, structure and 

functions of a theory and its parts as well as to i11ustrate 

some basic techniques about graphic representation and 

analysis of data. 

Accepting the existence of deficiency 1, i .e., that a 

better understanding of the theoretical background of the 

e xperiment is lack1ng for most students when they come in the 

laboratory class, we suggest a possible remedia1 so1ution: 

the use of a pretest preliminary to the 1aboratory work. 

Through this pretest, a minimum performance 1eve1 concerning 

t h e t h e o r e t i c a 1 b a c k g r o u n d o f t h e e x p e r i me n t w o u 1 d b e r e q ui r e d 

f r o m e a c h s tu de n t a s c o n di t i o n to p e r f o rm t h e 1 a b o r a to r y 

work. Otherwise, we think that a significant number of 

students do not even read the theoretical background provided 

1n advance by the laboratory guide. 

We did not put this remedial solution 1nto practice in 

t his study but 1t c ould be t ned out in other resear c h run. 

We con c lude t his analysis pointing out that the second 

s e t o f f o rm a t i v e e v a 1 u a t i o n a c t i v i t i e s p r o b a b 1 y w o u 1 d p r o d u c e 

better results if they had been developed before ( instead of 

after) the thi rd laboratory e xper i. ment and test . However, 

t his anticipation was not pos s ible mainly be c ause of c ourse 

constraints determined by the fa c t that the second and the 

t h1 rd experiments were respecti vely c oncerned wi th two 

successive chapters of the textbook (Chapters 27 and 28, by 

H a 11 i day, 1974 ). The content of these two chapters had to be studied 

1n two successive weeks through the theoretical classes and the 
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two laboratory experiments . Consequently, the available 

course time was reduced and did not permit the antecipation of 

the second set of group discussions and interviews. Even so, 

we consideras worthwhile, to both students and teacher 

( researcher), the feedbacks and sharing of meanings carried 

out through the second set of formative evaluation activities 

To make possible a final comparison of the total time 

involved in the development of the three formative evaluation 

activities, let us conclude this section by estimating the 

approximate total time used to carry out each one of the three 

formative evaluation strategies in the second set of activit1es 

- Clinical interviews: 

19 students x 30 minutes/student (interview) = 9 . 5 hours . 
- Group discussions: 

4 sessions x 45 minutes/session = 3.0 hours 
- Written feedback: 

a) First part: 12 students x 15 minutes/student = 3.0 hours, 
b) Second part: 15 students x 15 minutes / student = 3. 75 hours. 

test . 

Total time for the second set of written feedback = 6 . 75 hours 

Let us now analyse the fourth laboratory experiment and 

IV-7 Data Analysis of the Fourth Laboratory Experiment 

and Test 

As mentioned earlier in Section III-6 . 2,8, in the fourth 

laboratory class of the Physics II course the students 

did not carry out an actual laboratory experiment because this 

class was used for the projection and analysis of five 

.. 
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Ealing film-loops (about experiments of magnetism ) specified 

in Appendix C. These film-loops are silent 8 mm films, ea c h 

one has a time duration of about 3 minutes, and its 

projection may be repeated easily for a better understanding. 

Section III-6.2,B describes the two different 

approaches used in the two research runs for the development 

of this fourth laboratory class. In the second research run 

(when the data to be analy s ed here were collected) each 

one of th~ two course sections involved in this study was 

divided into five groups, with 6 or 7 students/group. Each 

group received a projector anda fi lm loop for analysis using 

the Analytical Method (Gowin's Epistemolog i cal Vee). After 

projecting and analysing a fi lm-loop during the fi rst 45 

minutes of the 2-hour class, each student had the next 45 

minutes to answer his/her own test . After the students 

completed their answers to the test, the teacher (author ) 

projected and commented on each film in terms of the Vee 

during the last 30 minutes of the class . 

Table 14 shows the 5 questions included in the first 

five items of the fourth laboratory test . This table also 

indicates the means and standard deviations of the scores 

obtained from the answers given by the students to each one 

of these five questions. The number of students who worked in 

each one of the five films is also indicated. 

The item 6 of the Table 14 shows the mean grade (and 

its standard deviation) obtained from the grades assigned by 

the students to the quality of each film-loop. This quality 

refers to one of the possible objectives of the film-loops 
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Tab1e 14. Fourth Laboratory Test Questions are about the 
11 Experiments of Magnetism (Projection of Ealing 
Fi1m-1oops) 11 1aboratory c1ass The means and 
standard deviations of answers given by the 
students to the ~uestions are indicated . 

Question, Fi1m, and 
Number of Students per Fi1m 

Question Va1ue, Means 
and Standard Deviations 

What are t he know1edg~aims that 
you c an establ1sh from the analysis 

of the 1ab activities presented in 
the fi1m? 

F 1 l m I : 

Fi 1m II : 

Fi1m III: 

Fi1m IV : 

Fi1m V: 

* "The Magnet i c Fi e1 d 11 

N1 = 13 students 
"The Fie1d from a Steady 
Current".* 
Nz = 13 students 
"Field: The Force on a 
Cu r r e n t" . * 
N3 = 13 students 
"Fie1d vs. Current" . * 
N4 = 13 students 
"Fie1d vs. Distance".* 
N5 = l 3 students 

2 . Indicate the physics key concepts 
( the physics concepts which you 

consi der the fundamenta 1) i nvo1 ved 
in the 1 ab acti vi ti es presented in 

the fi1m. 

F i 1m I : 

F i 1m I I : 
F i 1m I I I : 

F i 1m I V : 

F i 1m V: 

wrong 
1--

o 

Mean 

2 . 21 

2 . 21 

1 . 6 4 

1 . 9 2 

2 4 6 

wrong 

o 

Mean 

. 81 

. 81 

. 76 

. 7 7 

. 61 

* The fi1ms are best identified in Appendix C. 

.5 

correct 

2 3 

SD 

44 

. 86 

. 58 

. 62 

.4 6 

correct 

l . o 

SD 

. l 7 

. 20 

. 1 7 

. 1 7 

. 2 o 

(Continue ) 

. ' 
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Table 14. (Continued) 

3. Write down the maximum number of 

independent logical relations among 

the concepts which you indicated in 

the item 2 before. These relations 
can be expressed in form of practical 
rules, definitions, principles, laws 

and mathematical equations. ( Vou are 

allowed to consult your book and 
notes to answer this item) . 

F i 1m I : 

F i 1m I I : 
F i 1m I I I : 

F i 1m I V : 
F i 1m V: 

4. Describe the experimental 

procedure(s) presented by the film 

to illustrate the knowledge claims 

which you have indicated in the 
item 1. In other words, describe the 

observations (or measurements), the 
t r a n s f o r ma ti o n s ( w h e n t h e y a r e s how n) , 
and the interpretations (of 

observations or data) which were 
developed in order to get the answers 
to the basic questions . Always 

(whenever possible) indicate how the 

theory oriented these several stages 
of the e xperimental procedure(s). 

Film I: 

F i l m I I : 

F i l m I I I : 

Film I V: 

F i l m v : 

w ron g correct 

o 2 

Mean SD 
l . 3 9 .47 

l . 00 .54 

l . 2 9 . 39 

l . 1 5 . 51 

1 . o 4 .22 

w ron g correct 
f--·+---+--_, 

o 1 2 3 

Mean SD 
2. 79 .41 

2.86 .36 

l . 79 . 7 7 

l .92 .44 

l . 9 2 . 7 2 

(Continue) 
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Table l 4. (Continued) 

5. One o f the fi l m objecti ves i s to 

illustrate experimental procedures 

permitting to establish knowledge 

c1aims. Perform a critica1 ana1ysis 
correct wrong 

o f the fi 1m; that i s , point o ut 

some s t r e n g h t s (positive aspects) o . 5 1 . o 
and some weaknesses ( defi c i enci e s , 

imperfecti ons), considering the 

fi 1m objective indicated above. Mean SD 
Film I : . 89 .30 

Fi 1m I I : . 86 .26 

Fi 1m I I I : . 81 .20 

Fi 1m I V: 1 . 00 .00 

Fi 1m v: . 90 . 1 7 

6. Considering the fi 1m objective 

pointed in item 5 ' assign a grade 

to the fi l m on the sca1e b e 1 ow . o 
stands for poo r (minimum) quality 

and 4 stands for high (maximum) 
qua1ity. 

Minimum Medi um Maximum 
Grade Grade Grade 

o 2 3 4 Mean SD 

Fi 1m I : 3.00 .53 

Fi 1m I I : 2.86 . 74 

F i 1m I II: 2. 79 . 6 7 

F il m I V : 2.85 . 77 

F i 1m V: 2. 9 2 . 4 8 
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which is the one of illustrating experimental procedures in 

order to permit the estab1ishment of know1edge c1aims . 

In Table 14 the reader can observe that modifications 

were made in the structure of the fourth test in comparison 

with the one of the first three tests. These changes were 

de te rm i n e d m a i n 1 y b y t w o r e a s o n s : f i r s t , t o f i t t h e te s t f o r 

the analysis of a fi1m (instead of an actual experiment) and, 

second, to continue the eva1uation of students' performance 

mainly in the second level of achievement of the Vee, that 

is, in the description of re1ationships among the parts of 

the structure of know1edge . 

Not a1l the five questions of the fourth test had the 

same maximum score value (as happened in the first three 

tests) because they require answers with different extent of 

writing and different levels of knowledge and understanding 

The maximum score va1ue of each question, corresponding to a 

completely correct answer, is indicated in Table 14. 

To faci1itate the reading, the analysis, as we11 as 

comparisons with statistics of other tests, the ma ximum score 

va1ues of the questions were all norma1ized to 1.0. That is, 

the means of the questions and their standard deviations were 

a11 expressed in terms of a same maximum value 1.0. Tab1e 15 

s h o w s t h e n o rm a 1 i z e d v a 1 u e s a s w e l 1 a s o t h e r s t a t i s t i c s o f 

the fourth 1aboratory test. 

Let us now analyse some statistics shown in Tab1e 15. 

App1ying to the questions of the fourth test the same 

criteria (specified in Tab1e 3) used in the ana1yses of the 

first three tests, we observe in Table 15 that most questions 
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had an easy ora very easy level of diffi c ulty for the 

students' answering. Only in the third question (concerning 

the relationships among concepts), Films II and V, we observe 

two means (0.50 and 0.52) which indicate an intermediate 

difficulty level for the students . 

r-

Table 15. Data of the Fourth Laboratory Test. 

Ques ti on Means ** and Standard Deviations 

I tem Content * F i l m * I I I I I I I V v 

1 Knowledge claims . 74 . 74 .55 . 64 .82 
. 1 5 .29 . 1 9 . 21 . l 5 

2 Key concepts . 81 . 81 . 76 . 77 . 6 1 
. 1 7 . 2 o . 1 7 . 1 7 . 20 

3 Relationships . 70 . 50 .65 . 58 . 52 
among concepts .24 .27 .20 .26 . 1 1 

4 Experimental . 9 3 .95 . 6 o . 64 . 64 
procedure . 1 4 . 1 2 .26 . l 5 .24 

5 Cri ti cal analysis . 89 . 86 . 81 1 . 00 . 9 o 
. 30 .26 .20 .00 . l 7 

6 Didactic quality . 7 5 . 72 . 70 . 71 .73 
o f the fi l m . 1 3 . 1 9 . 1 7 . 1 9 . l 2 

Total Mean*** 8. lo 7. 74 6.29 6.77 6.93 

Standard Deviation o f .99 1 . 31 1 . 2 9 . 74 .96 the To ta 1 Mean 

Reliability Coe.fficient .47 .38 . 38 .00 .08 o f th e Test 

Standard Erro r o f th e . 72 l . o 3 1 . o 1 . 7 4 .92 Me as u remen ts 

* The question contents, the films, and the number of 
students per filmare specified in Table 14. 

** The six questions have different maximum values (see 
Table 14) which here were all normalized to 1 .O 

*** Maximum value of the Total Mean = 10.0 . 

• 
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Concerning the discri mina tion levels of the questions, 

if we use the criteria spe cif ied in Table 4 we can conclude 

from Table 15 that there a re t hi rteen values of standard 

deviation indicating an inte rmediate discrimination level; 

that is, 13 (out of 30) stand a rd deviations of question 

means have values between 0.2 0 and 0.30 . The othe r 

seventeen questions (out of 30) have standard deviations 

of the question means whic h i ndicate a poor discrimination 

level for the questions. We cons ider these low numerical 

values of seventeen standard dev iations of the question means 

as being a consequence of a high homogeneity of the group of 

students when answering the fo urth test. This homogeneity was 

increased by students' disc uss ions during the projection and 

analysis of each film. Thes e discussions happened few minutes 

before the students received the test for individual answers 

and, surely, share of meani ngs were carried out through these 

discussions and, consequent ly, the group became more 

h o mo gene o u s . T h i s p e rm i t s u s to s a y t h a t a n i n te g r a ti o n o f 

the students' ideas concerni ng the understanding and use of 

the epistemological framewo rk (Vee) was made possible through 

the fourth laboratory class . 

Table 15 also shows the relatively low numerical values 

of the standard deviations of the total means and of the 

reliability coefficients of th e tests; these low values 

confirm that the group of students was actually very 

homogeneous when answering the fourth test. 

The item 6 of the Tabl e 15 indicates the mean grades 

assigned by the students to th e didactic quality (see item 5 
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in Table 14) of the films; these mean grades resu1ted between 

70 % and 75 % of the maximum va1ue . 

Tab1e 15 a1so indicates the total mean and the standard 

error of the measurement of the test scores in each f i1m. 

Let us now ana1yse Tab1e 16 which shows the k ey concepts 

indicated by 65 students in the second question of t he fourth 

t est . We can see that some concepts were quite fundamental in 

certain film(s) but , otherwise, they were not fundamental in 

other(s), e.g . , electric current which was nota key concept 

on1y in the Fi lm I, or weight which was a fundamental concept 

only in the Film III . 

The tota1s shown in Table 16 permit us to see the total 

number of indi cations per film and the total number of 

ind i cations that each concept received in the set of five 

films. For instance: the Film II received the higher number 

of 130 indications, and the concept of magnetic field was the 

most 1ndi c ated ( 64 out of a ma x imum of 65 indications ). 

We conclude this ana1ysis of the fourth class and test 

emphasizing something which we already mentioned before in 

this same section: we consider that the main role of this 

fourth class was the one of making possible an integra t i o n 

of the students' ideas concerning the understand i ng a nd use of 

the epistemological framework (Vee ). Th1s integration wa s 

made possible through sharing of meanings c arried out 

during the projection and analysis of the films, hav i ng the 

Vee as a reference, preliminar to the fourth laboratory test . 

The projection of the fi lms with tea c he r ( author ) 's 

c omments in terms of the Vee, during the last 30 minutes of 

the class, reinforced that integration. 
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Tab1e 16. Key conc epts indicated by the students in a question 
of the fourth 1aboratory test about the 
"Experiments of Magnetism (Projection of Ea1ing 
Fi1m-1oops)" 1aboratory c1ass. 

,.----. 

Number o f Indications from 
TOTAL 

Fi l m* I I I III I V v 
Key Concept 

No. o f 
1 3 1 3 l 3 l 3 l 3 65 Students 

--
Magnetic Fi e l d 1 3 l 3 l 2 l 3 1 3 64 
Magnetic Force l 2 9 1 2 1 o 1 o 53 
E1ectric Cu rre n t l l 3 l 3 l 3 1 2 52 
Magneti c F1ux 9 4 1 3 2 8 36 
Distance or Length 9 3 3 8 l 3 36 
E1ectric Charge o 1 o 8 7 3 28 
Magnetic Lines of In duct i on 1 1 1 o 1 l 2 25 
Magnetic To rq ue 3 6 8 7 1 25 
E1ectric Fie1d o 9 5 5 5 24 
E1 ectri c Potenti a1 Difference o 1 2 l 8 l 22 
Magn e ti c Dipo1e Moment 4 5 2 6 2 1 9 
E1ectric Resistance o 6 1 4 2 1 3 
Time o 3 1 5 1 l o 
Weight o o lo o o 1 o 
E1ectric Force o 6 o 1 2 9 
Magnetic Po1es 7 o o o o 7 
E1ectromotive Force o 5 2 o o 7 
Magneti c Permeability Constant 1 2 1 2 1 7 
Energy o 2 o o 5 7 
A rea 2 o 3 1 o 6 
Vector 1 o 1 4 o 6 
Ve1ocity o 5 o o 1 6 
Mass o o 4 o o 4 
Earth Magnetic F i e 1 d o o o 3 1 4 
Wo rk o 3 o o o 3 
E1 ectri c Lines o f Force o 3 o o o 3 
Accel eration of Gravity o o 3 o o 3 
Angular Displacement o o o 2 1 3 
E1ectric F1ux o 1 o o o 1 

TOTAL 73 1 30 104 102 84 493 

* The fi1ms are identified in Tab1e 14 and in Appendix C. 
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I V - 8 T h e T h i r d S e t o f F o rm a t i v e E v a 1 u a t i o n A c t i v i t i e s 

The third set of clinical interviews, group discussions. 

and written feedback, was carried out after the fourth test . 

The third interviews and group discussions were mainly 

d i r e c t e d t o c o 1 1 e c t i n f o rm a t i o n t h a t c o u 1 d h e 1 p u s i n t h e 

elaboration of a final questionnaire. That is, the last 

interviews and group discussions were mainly used to collect 

i n f o rm a t i o n a b ou t s t u de n t s ' r e c e p t i v i t y c o n c e r n i n g t h e u s e o f 

the Analytic Method (epistemological Vee) . This information 

was posteriorly used as the main reference in the 

construction of the final questionnaire through which we 

aimed to quantify that students' receptivity. The final 

questionnaire is presented and analysed in Section IV-10. 

Respectively 22 and 16 students participated in the 

individualized interviews and in the group discussions (four 

se s s i o n s w i t h n e a r 1 y 4 s tu de n t s I se s s i o n ) . R e s p e c ti v e 1 y 2 a n d 

3 students were absent from the interviews and the 

discussions . They were not the same absentees in the anterior 

a n d s i m i 1 a r a c ti v i ti e s , a n d t h e y di d no t p r e se n t u s a n y 

convincing excuse. 

The written feedback was carried out by 11 students who 

p e r f o rm e d w r i t te n r e v i e w s i n t h e f o u r t h te s t . T h e s e w r i t te n 

reviews were mainly concerned with the third question of 

the test which refers to relationships among concepts . The 

other 11 students (from the total of 22 students of the 

written feedback group who answered the test) did not carry 

out the written revisions because they had had just minor 
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sho r tcomings in their tests . 

To permit a final compari s on of t he total time involved 

in conducting the three formative evaluation activities, 

let us conclude this section by showing the approximate total 

time used to carry out the third set of these activities : 

Clinica l interv i ews : 
22 students x 30 minutes/student (interview) = 11 . O hours. 
Gr oup discussions : 
4 sessions x 45 minutes/session = 3 O hours. 
Written feedback: 
11 students x 15 minutes/student = 2 . 75 hours . 

Let us now analyse the fifth (1ast) 1aboratory experiment 

and test. 

IV~9 Data Analysis of the Fifth Laboratory Experiment 

and Test 

As mentioned ear1ier in the Section III-6 . 2,C, in the 

second research run, the fifth laboratory test was used to test 

each student in the third leve1 of achievement of the 

epistemological framework which was proposed in section III-1, 

t hat is, application of the Ana1ytic Method ( Vee) to a new 

laboratory situation in order to establish knowledge claims. 

To permit this kind of evaluation, the fifth 1aboratory 

content (see Appendix C) was divided into three different parts 

(relative to three different events or phenomena) and each 

s t udent worked a1one without a 1aboratory guide but with a 

l aboratory test concerning one specific event . 
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The students of the second research run did not receive a 

laboratory guide but through the theoretical classes (lectures 

combined with recitations) they had received in advance the 

theoretical background of the experiment. This theoretic a l 

background was mainly concerned with the Faraday-Lenz 's Law 

(Chapter 31 of the textbook by Halliday and Resnick, 1974), 

and it is briefly described in the Appendix C. The laboratory 

guide of the fifth experiment (Electromagnetic Induction), shown 

in the Appendix C, was prov1ded only to the students of the 

first (pilot) research run . 

A brief demonstration by the instructor with the apparatus 

available to the students illustrated how to generate the three 

basic events which were the subjects of investigation. (For 

sketch of apparatus, see Appendix C) . 

To make possible the student's individual work, the two 

hours of the laboratory class (plus an additional half an 

hour for students who could come 30 minutes earlier to the 

class) were divided into five periods of 30 minutes. Then, a 

group of nearly 7 students /gr oup was scheduled to each one of 

the first four periods ; thus, each student had a ma ximum of 

30 minutes to work with the laboratory equipment (focusing 

and analysing one of the three specific events) and an 

additional half an hour for completing his / her labor atory 

test but without the use of the equipment now already being 

in use by another colleague. 

One out of the three different types of laborat ory tests 
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was distributed at random to each student at the be gi nning of 

his/her 1aboratory work. 

Tab1e 17 shows the 6 questions of the fifth 1abo r a t ory 

test. This tab1e also indicates the three different ev e nts 

(which originated the three different types of test) , t he 

number of students per type of test, the maximum s cor e va1ue 

of ea ch question, and the question means and thei r st an da r d 

deviations. The si x questions of the fifth test had not the 

same maximum score value because they required answe r s with 

di fferent difficulty levels. 

To facilitate statistical analyses and comparison s wi th 

other laboratory tests, the maximum score values of the 

questions were all norma1ized to 1 .0 . Tab1e 18 shows these 

norma1ized values as we11 as other statistics of the fifth 

1aboratory test. 

Table 18 also shows , for each one of the th r e e diffe r ent 

types of test, the total mean and its standard dev i a ti on , the 

re1iabi1ity coefficient of the test and the standa r d er ror of 

the measurements of the t est s cores. 

Let us now ana1yse some sta t istics shown in Tab 1e 18 . 

Applying the criteria spe c ified in Table 3 ( concerning the 

difficulty levels of the quest i ons) to the data of the Tab1e 18, 

we conclude that 13 (out of 18) questions were qu i t e easy 

for the students• answering and that 5 (out of 18 ) questions 

were easy ones. These five easy questions were co ncer ned 

wi t h the experimental procedure (question 2, in t he Events 

II and III), the knowledge claims (question 3 , Event 11) , a nd 
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Table 17 . Fifth Laboratory Test. Questions are about the 
"Electromagnetic lnduction" laboratory experiment . 
The means and standard deviations of answers 
given by the students to the questions are 
indicated. 

Considering the physics event (phenomenon): 

Event I: "Electromagnetic Induction Changing with the 
Inducti ve Magnetic Fiel d lntensi ty", 

Event 11: "Electromagnetic Induction Changing with the 
Distance between the lnductive (Primary) and 
the Induced (Secondary) Coils", 

Event III: "Electromagnetic Induction Changing with the 

Relative Angular Position between the Inductive 
(Primary) and the lnduced (Secondary) Coils" , 

answer the following questions: 

Question, Event, and 

Number of Students 

l. State a basic (telling) question 
relative to this event. 

Event I ( N 1 24 students): 

Event I I (N2 21 students) : 

Event I I I ( N 3 = 22 students): 

Question Value, Means, 
and Standard Deviations 

w r o ng c o r r e c t 

o .5 1. o 

Mean SD 

. 74 . 39 

.98 .06 

. 9 3 . 09 

( Continue) 
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Table 17. (Continued) 

2. Project and ca r ry out an experimental 

procedure in order to get an answer 
to the basic question which you 

indicated in the item 1 . Describe 

the experimental procedure, i.e., 
the relationships among the performed 

observations , measurements, 

transformations , and data 
i nterpretati on s 

Event I : 
Event I I : 

Event I I I : 

3. Express the knowledge claim that 

you obtained as the answer to the 
basic (telling) question. 

E v e n t I : 

Event II: 
Event III: 

4 . Indicate the ph ys ics key concepts 

(the fundamental physics concepts) 
involved in the experiment. 

Event I: 

Event II: 
E v en t I I I : 

correct wrong 
f----i--+---1 

o 2 3 

Mean SD 

2.67 . 69 

1 . 81 .63 

2.00 . 6 o 

w rong correct 

o 2 

Mean SD 

1 56 . 72 

1 . 2 2 . 4 8 

1 . 6 4 . 40 

wrong correct 

o .5 1 . o 

Mean SD 

. 77 . l 5 

. 8 4 . 1 4 

. 81 . 1 8 

(Continue) 
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Table 17 . (Continued) 

5. Write down the ma ximum num ber of 

independent logic al relations 

among the concepts which you 

indic a ted in the item 4 . These 

re1ations can be expressed in 
form of practica1 ru1es , 
definitions, prin cip1es , law s, 

and mathemati cal equation s . (Vou 

are a11owed to con s ult your book 

and notes but indicate only the 

relations whi ch were actua11y 

invo1ved and that constituted 
the theoreti cal basis of the 

e xp eriment) . 

Event I: 
Event II: 

Eventiii: 

6. Point out any kind of difficu1t ies , 

imperfections, and deficiencies 
which you f aced by p1an ning and 

executing this expe riment; 
suggest remedial solutions for 

them . 

Event I: 
Event II : 

Event III: 

wrong 

o 

Mean 
1.47 
1 . 1 5 

1 . 2 4 

wr ong 

o 

Mean 
. 78 

.87 

. 82 

.5 

correct 

2 

SD 

. 33 

. 4 7 

' 39 

correct 

1.0 

SD -
. 2 8 
. 1 7 

. 2 2 
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Tab1e 18. Data of the Fift h Labora t o ry Te s t . 

.------------------r------------------------------------~ 

Question Mea ns ** and Sta ndar d Oeviations 
~------r----------+----~~~----~~~~--------~------~ 

I tem * Content E ve n t * I II III 
~-----~-----------L--------+--------1---------r--------~ 

Basic (Tell ing) 
question 

. 74 . 9 8 .9 3 

. 39 . 06 . 0 9 
~----~--------------------+--------1---------r--------~ 

2 Expe ri ment a 1 
pro ce dure 

. 89 . 60 . 6 7 

. 23 . 21 .2 0 
-·------;--------------------+--------;-------~~------_, 

3 

4 

5 

6 

Knowledge c l aims 

Key concept s 

Relationsh i ps 
among conc epts 

Critica1 ana1ysis 

Total Mean*** 

Standard Oeviation of 
the Total Mean 

. 78 . 61 . 82 

. 36 . 2 4 . 20 

. 77 . 84 . 81 

. 15 . 14 . 18 

. 74 

. 1 7 

. 78 

. 28 

7 . 9 7 

1 . 9 2 

. 58 

. 24 

. 87 

. 1 7 

6 . 86 

1 . 45 

. 6 2 

.2 0 

. 82 

.22 

7.4 2 

1 . 30 

-----------------------------+--------+-------~~------_, 
Reliabi1ity Coef ficient 
of the Test 

Standard Erro r of the 
Me as urements 

. 76 

. 9 4 

. 6 8 . 6 7 

. 82 . 75 

The ques t ion con tents , th e e ve nts, ano the number of 
students per ev ent a r e spec ifie d in Tab 1e 17 . 

** The s i x questio ns ha ve differe nt ma x imu m va lu es ( s ee 
Table 17) which here were a1 1 no r malized to l .O 
Maximum value of the Tot a l Me a n = 10.0 *** 
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the relationships among concepts (question 5, Events II and 

III). Considering this analysis and observing the total means 

of the tests for the three different events, we may conclude 

that the Event II provided the most difficult type of test . 

This conclusion is valid in terms of research sample because 

t he three different types of test were distributed at random 

and. consequently, the three groups of students (who answered 

respectively the three types of test) were probably equivalen t 

groups ( samples). 

We consider that the Event II was the most difficult f o r 

t he students' analysis, and the test results may reflect th1s 

i nt rinsic difficulty. In Event II students had more difficulties 

than in the other two events in trying to find the 11 best-fi t " 

equation which could represent the curve that they had 

sketched using the records. In Event II, the inductive 

( primary) coil behaved like a magnetic dipole, that is, the 

i nductive coil produced a magnetic induction with magnitude 

i nversely proportional to r 3 , where r is the distance from 

the center of the coil. 

Let us make another comment concerning the Event III . 

In analysing the Event III, the studen t s' main 

difficulties carne from the fact that the magnetic f i eld 

of induction (produced by a primary coil) was not an 

u n i f o rm f i e 1 d . C o n s e q u e n t l y , w h e n t h e r e l a t i v e a n g u l a r 

pos i tion of the induced ( secondary) coil was changed by a 

complete turn, the magnitude of the electromagnetic induction 

did not follow an e xa c t cosine function (foreseen by the 
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theory, through the Faraday-Lenz's Law, in the specific case of 

an uniform and constant magnetic field of induction) . 

In practical terms: the graph of the induced electric current 

versus the cosine of the angular position of the two coils 

did not show an exact straight line because the plane of the 

t urns (of the induced coil) was changing inside a non-uniform 

magnetic field of induction. 

Let us now return to the analysis of the data shown in 

Table 18. We can observe that, in spite of the students' 

good ability to answer the questions of the fifth test, there 

s till remained some difficulty in the expression of 

relationships among concepts; this difficulty in the mastery 

of t he theoretical background of an experiment is evident in 

all the five experiments, and must be claimed . 

Some students' difficulties in planning and developing 

an e xperimental pro cedure, in order to analyse an event and 

to establish knowledge claims, was already anticipated 

because we were requiring the students' performance in the 

highest level of achievement . These difficulties happened, 

as we can observe in Table 18 (mainly in question 2, in the 

Events II and III ) but not to an extent that could result in 

discouragement; on the contrary, we were positively surprised 

with a students' satisfactory performance in the fifth 

laboratory experiment and test. 

We contend that this students' satisfactory performance 

was possible, in great part, because the students were 
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provided with an epistemological framework which guided them 

in the planning, execution, and analysis of the experiment . 

That i s, the students had such clear ideas about the structure 

of knowledge of a laboratory experiment (through the 

epistemological Vee) that, even facing a situation not 

analogous to any one previously seen in the laboratory 

c onte xt , they were ca~able of projecting and executing an 

e xperiment to obtain knowledge claims. Even more, they liked 

this kind of work and the challenging situation that required 

individual thought and application of the epistemological 

framework . 

Let us return to the Table 18. Using the criteria 

specified in the Table 4, we obtain the following 

discrimination levels for the questions: 

7 questions with poor discrimination levels ( 3 of 
them were concerned with the indication of key 
concepts); 
9 q u e s t i o n s w i t h i n t e rm e d i a t e d i s c r i m i n a t i o n ; 
2 questions with good discrimination (the questions 
1 and 3 in the Event I). 

We observe that the questions of the fifth test, as a 

whole, had a better discrimination level than the question of 

the fourth test. In addition, because the group of students 

was not quite homogeneous when answering the fifth test 

( which was evaluating student in the highest level of 

achievement of the Vee for the fi rst time in the course) the 

standard deviations of the total means were higher than 

for the fourth test. These two factors, the better 

discrimination of the questions and the higher standard 

deviations of the total means of the fifth test, determined 
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higher va1ues for the re1iabi1ity coefficient of the fifth test 

that the ones of the fourth test. (The reader may compare the 

mentioned statistics in the Tab1es 15 and 18). 

The re1iabi1ity coefficients of the fifth test have higher 

va1ues than the ones of a1l the other first four tests. (Compare 

the reliabi1ity coefficients shown in the Tab1es 2, 7, 10, 12, 

15, and 18). This reinforces the consideration that the fifth 

test was actually measuring a different kind of achievement 

re1ative to the use of the Vee. That is, the student group 

became 1ess homogeneous in responding to this test. We can 

p1ausib1y conclude that this different kind of achievement is in 

the realm of the third achievement level which we hoped to 

assess. (See in page 76 our previous comments concerning the 

relationship between group homogeneity and reliability 

coefficient). 

We can infer that, by providing students with an 

instructiona1 approach to faci1itate sharing of meanings and 

feedback, and repeating the evaluation of the students in the 

same highest level of achievement of the Vee through a sixth 

1aboratory experiment and test, the group of students would 

increase in its homogeneity. Consequent1y, the va1ues of the 

re1iabi1ity coefficients would probab1y decrease to values lower 

than the ones of the fifth test, as a result of the 

instructional approach which had been carried out. 

Let us now analyse the key concepts indicated by 67 

students in the fourth question of the fifth laboratory test; 

they are shown in Tab1e 19. Some concepts were more 
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Tab1e 19. Key concepts i ndi cated by the students in a question 
of the fifth 1aboratory test about the . 
11 Electromagnetic Induction 11 1aboratory experiment. 

Number of Indications from 

E ven t * I I I I I I TOTAL 

Key Concept No. o f 24 21 22 6 7 
Students 

E1ectric Current 24 1 7 21 62 

Magnetic Flux 20 1 9 22 61 

Magnetic Fie1d 20 20 20 60 

E1ectric Resi stance 1 9 16 1 5 50 

E1ectric Potenti a1 Di ffe rence 22 1 2 1 5 49 

E 1 e c t r o mo ti v e Force 20 1 3 1 3 46 

E 1 e c t ri c F i e 1 d 1 1 1 2 1 4 37 

Time 10 1 2 1 5 37 

Di stance or Length 2 1 9 8 29 

Induced E1ectric Current 7 1 o 4 21 

Electromagnetic Induction 1 1 3 3 1 7 

Induced E1ectromotive Force 5 6 4 1 5 

A r e a 1 5 9 1 5 

E1ectric Charge 4 4 6 1 4 

Magnetic Lines o f Induction 4 2 1 7 

Inductance 4 2 1 7 

Number of Turns 2 1 1 4 

Angular Displacement o o 4 4 

Energy o 1 3 4 

Wo rk o o 3 3 

Jou1e Heating 1 o 2 3 

Magnetic Permeability 2 o 1 3 

Powe r 2 o o 2 

Interna1 Electric Resistance 1 1 o 2 

Electric Resistivity 1 o 1 2 

TOTAL 193 1 7 5 1 86 5 54 

* The events are identified in Tab1e 17. 

I 

" 
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fundamental in a certain event than in the other two, and 

this is reflected by the students ' number of indications. The 

concept of distance (or length), e . g., was more fundamental 

in the Event II; or, another example, the concept of angular 

displacement which was more fundamental in the Event III . By 

t he way , we were negatively surprised with the low number of 

i ndications that some key concepts re ceived from the 

s tudents. That is the case of very fundamental concepts (for 

the events being analysed) such as : electric field, induced 

electri c c urrent, induced electromotive force, and angular 

displacement (t his l at t e r pa r ti c ularly i n t he Event III) . 

We conclude this analysis of the fifth laboratory 

e xperiment and test rewarded by the sat1sfactory (for a first 

e xperience) students' performance in the highest 

level .of achievement of the epistemological framework, that 

i s, in the application of the e pistemological Vee to new 

laboratory situations in arder t o plan and e xecute an 

experiment to obtain knowledge claims ( products of inquiry 

obtained through a structured process of investigation). 

However , at the same time, we conclude this analysis 

sorrowful because we had not opportunity to carry out a sixth 

laboratory experiment plus testing through which we could tr y 

to confirm some of our initial findings in that highest level 

of students' achievement of the epistemological framework 

( Vee). 
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IV-10 Data Analysis of the Final Questionnai re 

In both research runs, one week after the fifth (last) 

laboratory test. students answered a Final Questionnaire. The 

aim of this questionnaire was to collect students' opinions 

and final critical comments re1ative to their participation, 

di f f i cu 1 ti e s • a n d 1 e a rn i n g i n s i g h t s i n t h e u n de r s ta n di n g a n d · 

use of the epistemo1ogical Vee that they had just finished to 

work with in the Physics II laboratory context. 

The questionnaire of the first research run, in 

particular, provided information which was used as a 

reference when mo di fi cati ons were made for improvement in the 

research and instructiona1 programs for use in the second 

research run. 

The questionnaire of the second research run also he1ped 

in the answering of the additiona1 research question stated 

in Section III-4 . That is, the questionnaire was a1so used as 

an additiona1 instrument in the detection of differences 

among the three instructional strategies for formative 

e v a 1 u a t i o n , i n te rm s o f s t u de n t s ' r e c e p t i v i t y to t h e 

e p i s tem o 1 o g i c a 1 f r ame w o r k . 

T h e F i n a 1 Q u e s t i o n n a i r e h a d t h r e e p a r t s . S i x t y s i x a n d 

fifty students answered the questionnaire in the pilot and 

second runs, respecti vely. 

The content and the students' answers and opinions 

expressed in the fi rst part of the questi onnai re are 

presented in Table 20. In this table, the first nine items 

were answered by the students of both the first and the 

• 
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Table 20. Final Questionn aire- Part One . Students 1 opinions 
about the Anal yti c Met hod (Vee) used in the 
laboratory work. The num ber of answers gi ven by 66 
students of the first (pi lot) research run and by 
50 students of the sec ond research run are 
indicated . 

Instructions: Each statement expresses an opini on about the 
Analytic Method (Vee) use d in the laborato r y cl asses and 

tests. Read each stateme nt carefu l ly and indicate your 
level of agreement or dis ag reeme nt with it. 
Key: Strongly Agree (SA); AgreP ( A) ; Undecided (U ); 

Disagree (O); Strongl y Di sa gree (SD ). 

SA A u D SD RR 
1. The Analytic Method (Ve e) was 

very useful for the 
comprehen si on o f the labo ratory 
classes. 

2. I do not recommend the 
continuity in the use of the 
Analytic Method in the Physics 
li laboratory c lasses. 

3. I recommend the use of th e 
Analytic Method in othe r 

laboratory classes (different 
from Physics II). 

4. The Vee helps me very lit tle 
in the comprehension, anal ysis, 
and description of the 

structure (parts and rel ations 
among these parts) of a 
laboratory e xperiment . 

10 48 

8 38 

o 
3 

o 

1 7 39 

o 
o 

39 

4 

l 

2 

o 
6 

4 

o 
o 

7 2 4 31 

2 34 14 

6 

9 

3 

1 

1 

o 

3 35 24 

2 35 l 2 

F 

s 

F 

s 

F 

s 

F 

s 

* 

* 
( Continue) 

RR (Research Run) indic at es the first (F) or 
the second (S) research run . 
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Tab1e 20. (Continued) 

5. There is 1itt1e possibi1ity to 

put into practice the Vee in 

other circunstances (out from 
the Physics II 1aboratory 
classes). 

6. The Analytic Method (Vee) helps 
me to observe the constant 
interaction between the 
theoretical (conceptual) and 
the practi cal (experimental, 
methodological) domains of an 
experiment. 

7. The comprehension of the 
Analytic Method (Vee), and its 
elaboration for the laboratory 
experi ments, was di ffi cul t. 

8. The right (methodologica1, 

experimental) si de of the Vee 
was easier to understand and 
to describe than the left 
(theoretical, conceptual) one. 

* 9. The three instructional units 
about the Ana1ytic Method were 
bad1y made (disorganized and 

not clear). 

SA 

o 
o 

A 

2 5 35 

7 40 

1 3 36 

o 1 2 

16 29 

1 2 2 3 

2 29 

o 3 

u D SD RR 

12 35 18 

6 36 7 

3 

5 

o 

3 1 4 

4 29 

6 1 3 

5 8 

4 25 

6 35 

o 
o 

o 
5 

2 

2 

6 

6 

F 

s 

F 

s 

F 

s 

F 

s 

F 

s 

* 
(Continue) 

Only two instructiona1 units were elaborated in the first 
(pilot) research run (See comments in Section III-6.1). 
The three i nstructi.onal uni ts about the Vee, provi ded to 
the students of the second research run, are shown in 
Appendix A. 
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Tab1e 20. (Continued) 

SA A u D SD RR 

1 o . I f th e Vee had be en given at 
the v e ry beginning o f th e 
c ou rs e and e1aborated since 
th e first 1aboratory 

1 9 28 8 7 4 F ... experiment, I wou1d h ave 

progressed mo r e i n the 
understanding and use o f th e 
Ana1ytica1 Me t h o d. 

1 1 . It wou1d be more frui tfu1 i f 
th e Vee had been introduced 
s1ow1y in the course an d h a d 

* begun to be e1aborated by the 5 1 1 5 22 7 s 
students only at the third 
l aboratory experiment and 
test. 

l 2. The Ana1ytic Me t h o d (V e e) was 
taught and requi red (in th e 

7 29 5 9 o s 
1 aboratory tests) i n an 
appropri ate 1 e ve 1. 

1 3 . The Ana1yti c Method di d not 
motivate me to the 1aboratory o o 32 l 7 s 
c1 asses. 

14. The Vee stimu1ated an d 
developed my sense o f critica1 

6 31 6 7 o s .. 
appraisal i n the 1aboratory 
classes. 

(Continue) 

* Questions 1 1 to 21 we re answered only by students o f the 
second research run. 
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Table 20. (Continued) 

SA A u o SD RR -

l 5 . The Vee i s an excellent 

auxiliar framewo rk in th e 

understanding an d descri pti on 

o f th e relation between 
7 30 9 4 o s 

physics an d nature, i . e. , th e 

relation between the 

physicists' descri pti on o f 

na tu r e an d na tu r e itse1f. 

1 6 . The Vee hel ped me to un de rs ta n d 

the processes i n v o 1 v e d i n a 1 2 32 4 2 o s 
scientific i n vesti g a ti o n . 

1 7 . The 1 e a rn i n g and use o f the 

Vee contributed to my growth 
1 1 35 2 2 o s 

i n the scientific analysis o f 

physics e v e n t s ( phenomena). 

1 8. The Ana1ytic Me th od contri buted 

v e ry 1itt1e i n my understandi ng 

o f physics as being a bo dy o f o 2 4 37 7 s 
knowledge resulting from 

scientific inquiry processes. 

1 9 . Th e use o f the Ana1ytic Method 

an d a 1 1 th e emphasis g i v e n to 

th e 1 aboratory classes an d 2 4 8 2 1 1 5 s 
te s ts prejudiced the 1 e v e l o f 

" my general 1 e a rn in g in the 

Physi cs I I course. 

(Continue) 
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Table 20. (Continued) 

SA A u D SD RR 

2 o. The Clinical Inter vi ews CI(21): 5 1 3 3 o o s 
The Group Oiscussions GO(l2): 2 5 3 1 1 s 
The Written Feedback WF ( 1 7): 10 3 2 1 s 
( From th e se th ree activities, 

consider th e one in which you 

participated l 

we re worthwh1le beca use they 

contributed to LOrrect 

defi ciencies in th e un de rs tandi ng 

an d use o f the Ana1ytic Method 

(V e e) . 

- ---

second research runs (identified by F and S at the right of 

the scores, respective1y). The item lO was answered only in 

the pilot run. and the items ll to 21 were answered on1y by 

the students of the second research run . 

The second part (Part Two ) of the questionnaire with 

students 1 opinions is presented through the Tables 21 and '22 

These two tables were the second parts of the questionnaires 

used in the first and the second research runs, respectively . 

In the thi rd part of the questionnai re, each student had 

opportunity to freely to express his/her final comments, 

critics and suggestions concerning the study and the use of 

the epistemo1ogical framework in the physics laboratory 

context. 



Table 21. Final Questionnaire of the First Research Run- Part Two. Students' opinions about 

the terminology used for each part of the Analytic Method {Vee) and their difficulties 

in the identification and understanding of the function of each part (term). The 

number of answers given by 66 students are indicated. 

lnstructions: 

a) Concerning the terminology used by the Ana1ytical Method (Vee) in the description of the 

structure of a laboratory experiment, indicate your opini~n whether the term of the Vee was 

or was not appropriate to its function; 

b) Concerning the identification of each term of the Vee and the understanding of its function, 

indicate your l evel of difficulty in this identification and understanding . 

App ro pri.a te Di ffi cu1 t 

Term of the Vee not very very not very very 

1 2 3 4 5 6 7 1 2 3 4 5 6 7 

Event{s) and object{s) o o 3 6 8 16 33 39 12 7 6 o o 2 

Basi c (Tell ing) question(s) o 2 1 6 2 13 42 35 12 7 5 3 1 3 

Key concepts 1 3 1 lO 12 19 20 12 7 1 5 19 8 o 5 

Defini ti ons 4 6 7 1 7 11 11 1 o 4 7 12 22 1 o 4 7 

Principles and laws 5 3 8 12 11 1 3 14 9 6 7 16 10 9 9 

Theo ry 2 8 3 17 8 13 15 9 6 1 o 17 8 9 7 

Measurements (Records o f events) 1 1 3 7 4 24 26 31 11 1 3 5 2 2 2 

Transformations of measurements 2 7 6 8 1 5 1 5 13 13 12 5 16 8 4 8 

Interpretations of data 2 3 2 8 1 1 19 21 8 13 9 20 8 5 3 

Affirmations of know1edge 
(Know1edge c1aims) 7 2 1 5 11 1 o 11 lO 6 14 1 o 12 8 8 8 

Affirmations of value 
7 4 14 1 2 1 3 7 9 4 8 7 14 l 2 9 12 (Value claims) 

Philosophy (System of va1ues) 11 9 12 11 7 5 11 4 7 2 8 7 9 29 

• ' 

N 
0"1 
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Table 22. Final Questionnaire of the Second Research Run - Part Two . Students ' opinions about the 

terminology used for each part of the Analytic Method (Vee), their difficu1ties in the 

identification of each part and in the understanding of the functi o n of each part (term) . 

The number of answers given by 50 students are indicated . 

lns tructions: 

a) Concerning the .!_ermi~ used by the Ana1ytica1 Method (Vee) in the description of the structure 

of a laboratory experimen t, indicate your opinion whether the term of the Vee was or was not 

appropriate to i"ts function; 

b) lndicate your 1evel of d1fficu1ty in the identification of each part (term) of the Vee; 

c) Indicate your level of difficulty in the understanding of the function of each part (term) of the Vee. 

Difficu1t to identify Oifficu1t to understand 
Appropriate 

the term o f the Vee the function of the term 
Term of the Vee 

no t very very no t very very not very very 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Event(s) and object(s) o 2 5 16 27 30 lO 7 2 1 34 1 2 2 1 1 

Basic (Te 11 i ng) question(s) o o 6 14 30 30 11 6 2 1 32 14 4 o o 
Key concepts 2 3 1 3 13 1 9 15 15 15 4 1 23 11 13 3 o 
Definitions 2 4 13 1 7 14 2 16 22 8 2 11 16 1 7 5 1 

Re 1 a ti onshi ps arnong concepts o 4 15 15 16 3 10 22 12 3 10 18 15 6 1 

Principies and 1aws 1 4 9 1 7 19 4 10 22 11 3 14 14 15 5 2 

Ne as u r e me n t s (Records of events) 1 2 3 13 31 30 14 4 1 1 31 15 3 1 o 
Transformations of measurements 2 4 7 16 21 20 16 10 2 2 24 14 lO 1 1 

lnterpretations of data 1 4 7 13 25 8 18 16 6 2 18 14 16 1 1 

Affirmations o f knowledge 5 9 lo 13 13 1 3 11 15 11 o 15 12 12 9 2 (Knowl edge claims) 

Affir mat ions of value 
6 13 12 12 7 8 11 14 13 4 10 10 16 8 6 (V a l ue c 1 a i m s) 

Philosophy (System of va1ues) lO 1 3 13 10 4 5 6 10 19 10 4 6 1 7 16 7 
In teracti on ( be t1·1een the two 2 3 10 23 12 3 14 19 13 1 12 1 8 12 6 2 sides of the Vee) 
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Let us now analyse the first part of the Final 

Questionnaire shown in Table 20. 

In arder to have an idea about students• answers to 

the questions, we used the Likert•s scale( 8 ). That is, we 

assigned the value of 4 to a SA (strongly agree) and changed 

the value to O (zero) to a SD ( strongly disagree) in the 

case of statements in favour of the Analytic Method (the 

epistemological Vee ) and, otherwise, we assigned values varying 

from O (zero) to a SA to 4 to a SD in the case of statements 

non-favourable to the Vee . Of c ourse, the Likert•s scale provides 

us with a general an approximate idea about the students• 

o pin i on s because the numbers assigned to the answers are 

arbi t rary and it is possible that a SA answer to a favourable 

question, e.g., it is not very similar to a SD answer to a 

non-favourable question . 

Only 12 items out of the 20 items shown in Table 20 

a re statements that actually express a favourable (or non-

favourable) opinion concerning the Analytic Method; they are 

the items 1 to 6, and the items 13 to 18. The students of the 

second research run answered all these items but the students 

of the first research run answered only the first si x items 

Applying the Likert•s scale on these items the 

students• answers indicated a total score of 1232 out of a 

maximum possible of 1584 ( 9 ) in the first research run, anda total 

(~orthwhile material concerning analysis of questionnaires may be found 
in 11 Research in Education 11 by Best, J.W . , 1970, Englewood Cliffs, Prentice­
Ha ll . 

(9) Maximum possible: 4 points per item per student x 6 items x 
66 students = 1584 points . 
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score of 1813 out of a maximum o f 2400 ( 
1 0) in the se c o n d r e se a r c h 

run. These total scores, 1232 and 1813, represent 78 % and 75 % 

of the possible maximum scores in the first and second research 

runs,respectively. This reflects a students• good (ll) 

receptivity to the Analytical Method (epistemological Vee) . 

These statistics are summarized in Table 23 . 

Table 23. Students• receptivi}Y to the e pistemological Vee . 

Research 
Run 

First 

Second 

*Items 

**Items 

Likert Scale Students• 
Number Number Maximum Total o f Opinions : 

o f o f Total Neutral Total Se ore Students Items Score Opinion 

66 6* 1584 792 1232 

50 12** 2400 1200 1 81 3 

to 6 specified in the Table 20. 
to 6 and 13 to 18 specified in the Table 20. 

Table 20 also shows the students' opinions concern ing 

some aspects of the Vee (items 7 and 8), the instructional 

materials and program (items 9 to 12, and 19}, and the 

formative evaluation strategies (item 20). 

In the item 7 of the Table 20, we can observe that the 

students of the pilot research run had more difficulties than 

the students of the second research run in the understanding 

and elaboration of the Vees . Even considering the differences 

(lO) Maximum possible: 4 points per item per student x 12 items x 
50 students = 2400 points. 
(ll) We considera good receptivity because 75 % is at the mean position 
between the maximum receptivity and the neutral opinion (2/4 =50%) . 
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between the two samples of students, we may say that this 

happened mainly because the instructional materials and the 

program of the first run were inferior in quality to the ones 

of the second run when general improvements were made. The 

students• opinions given in the item 9, in the same Table 20, 

confirm this point of view: 31 out of 66 students of the first 

run, against only 3 out of 50 students of the second run, saw 

the instructional units as disorganized and non clear. 

Through the item 8 of the Table 20, we can conc1ude that 

most students agreed or strong1y agreect that the right 

(methodo1ogica1) si de of the Vee was easier to understand and 

to describe than the left (conceptual) one. This confirms the 

resu1ts obtained through the laboratory tests. 

The items 10 and 11 of the Table 20 were already analysed 

in the Section III-6. 1. The students• opinions, expressed 

through these two items, indicate that it is appropriate to 

introduce a general overview of the Vee at the very beginning 

of a course. 

The item 12 shows that most students of the second 

research run considered the Vee as being used at an 

appropriate leve1. 

The item 19 shows that 6 out of 50 students of the second 

run be1ieved that the use of the Vee and the emphasis given to 

the 1aboratory classes and tests had prejudiced their general 

level of learning in the Physics II course. Usua11y, these 

students refer that time is taken from the theoretical classes 

with a consequent reduction in the amount of theoretical 
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content and in the total amount of physics problems which are 

solved in these classes . 

The item 20, concerning the three formative evaluation 

strategies, will be analysed in the next section . 

Let us now analyse the students' answers to the second 

part of the Final Questionnaire through the data shown in 

Tab1 es 21 and 22 wh i ch refer to the first and the second 

research runs, respectively 

In Tab1e 21 we can observe that a s1qnificant number 

0f s tudents of the pilot research run cons1dered the 

terminology used for some terms of the Vee as not very 

appropriate to represent their functions; that is, a 

signific ant number of students assigned the low scores 1, 2, 

nr 3, which correspond to the students' opinion that the 

ter minology was not very appropriate to represent the funct1on 

of the term. Such is the case of the following terms : 

- Phi losophy (System of val ues ): 32 out o f 66 

students assigned the lower scores l to 3; 

- Affirmation of value (Value claim): 25 out of 66 students; 

Affirmation of knowledge (Knowledge claim): 24 out of 66 . 

A not quite significant number of students also 

considered other terms as not appropriate ; such is the case of 

the terms Definition (17 out of 66 students assigned the 1ower 

scores 1 to 3), Principles and laws (16 out of 66 students), 
-

Th eory (13), and Transformations of measurements (15) 

The 1ow scores assigned by these students to the terms 

Definitions, Principles and laws,and Theory, probably were 
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determined by the fact that, in the pilot research run, the 

students were not provided with some basic ideas concerning the 

nature, the structure and the functions of a theory and it s 

component parts. Consequently, with~ut a better idea about a 

theory and its parts, the students considered those terms as 

not very appropriat e . 

The introduction os these ideas was made in the second 

research run through the theoretical classes as we mention ed in 

Sectio n IV-6. We consider that the introduction of some ba sic 

ideas about a t he ory was very worthwhile for the students; this 

is ev i dent by observing the data shown in Table 22. In th is 

table, t hrough the set of data situated at the left side of the 

table, we ca n obs e rve that most students considered as 

appropr iat e to t he ir functions the terms Definitions, 

Rel ati onships amon g concepts, and Princ i pl e s and laws. We 

contend that , be cau se the students of t he second research run 

received some basic ideas concerning the nature and the 

structu r e of a theory and its component parts, they became more 

familiarized with these terms and their functions. Conseque ntly, 

they considered the terminology used for those terms as bein g 

very appropriate to their functions. 

However, we can observe (in Table 22) that even in th e 

second research run there was some terms of the Vee which 

terminology was considered as being not very appropriate 

by a si gnificant nu mber of students; such is the case of: 

- Philo so phy (System of values): 23 out of 50 students assi gn e d 

the lower scores 1 and 2 to the terminology of this t erm; 

• 
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- Affirmations of value (Value claims) : 19 out of 50 studen ts. 

- Affirmations of Knowledge (Knowledge claims): 14 out of 50 . 

The low scores assigned by 23 out of 50 students to the 

term "philosophy", is consequence of two facts. First, by 

intending to simplify ( for the students) the meaning of 

"philosophy", we defined it as "a system of values wh1 c h 

could be underlying the theory ot an experimentas well as 

or i ginating the value claims about the knowledge claims and/or 

about the experiment as a whole" . Second, questions about the 

possi ble ph i losoph i es were not asked in the laboratory tests 

and t he y were discussed very superficially i n the theoret i cal 

c lasses of the course . It is evident that this superficial 

approach was not sufficient and probably determined the students 

unhappiness with the use of the term "philosophy" . 

The term "affirmations of value (value c laims)" deserves 

some comments which we will present later . 

Concerning the term "aff i rmations of knowledge (knowledge 

c laims)", most of the 14 students who considered the 

t erm i nology of this termas not very appropriate prefer to use 

j ust the terms "results", or "answers" , or "findings", or 

"concl usions". 

Let us now analyse the students' opinions concerning the 1r 

difficulties in the identification of each part of the Vee and 

in the understanding of its function . 

To facilitate the observation and the analysis, let us a dd 

t he number of students of the second research run (see Table 22) 
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who assigned the scores l and 2, corresponding to a "not very 

di fficult", in each term; in a similar way, let us add the 

number of students, in each term, who assigned the scores 4 

and 5 which correspond to a "very difficult" . These transformed 

data are shown in Table 24. 

In Table 24 we may observe that a significant number of 

students (23 out of 50 students, that is, 46 %) indicated that 

they had difficult1es to understand the function of the term 

"philosophy". and they also indicated difficulties to identify 

( 29 out of 50 students, 58%) the same term in the laboratory 

context . This evidences that the superficial instructional 

approach (mentioned earlier), which we used for the term 

"philosophy", probably also contributed for these students' 

difficulties. Remembering that a significant number of students 

(23 out of 50, 46%) also assigned the lowest scores to the 

terminology of "philosophy", we permit ourselves to infer t hat 

when the students do not understand the meaning of a term of 

the Vee they have more difficulties to identify the term, and 

they are more likely to disagree with its terminology. 

The data in Table 24 also show that a significant number 

of students had difficulties to understand (14 out of 50 

students, that is, 28%) and to i dentify (17 out of 50, 34 %) the 

term "affirmations of value (value claims)". We point out that 

19 out of 50 students (38%) also assigned low scores to the 

term "affirmations of value (value claims)" . Because we 

consider that the meaning of "affirmations of value" was well 

def i ned and illustrated through several examples (as may be 

• 

.. 
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Tab1e 24. Students' opinions about their difficu1ties in the 

identification of each part of the Vee and in the 

I 

Term of 

Jnderstanding of the function of each part. 

The data refer to the second research run and were 

obtained through a transformation of some data of 

the Table 22. Total number of students =50 . 

Difficult to identify Di f fi cult to understand I 
the term of the Vee the function of the term . 

the Vee* 
not very not very I very very 
1 and 2 3 4 and 5 1 and 2 3 4 and 5 I - -

Event 40 7 3 46 2 2 

Tell i ng question 41 6 3 46 4 o 

Key concepts 30 15 5 34 13 3 

Defi.ni tions 18 22 10 27 17 6 

Re1ationships 13 22 15 28 15 7 

Princip1es & 1aws 14 22 14 28 15 7 

Measurements 44 4 2 46 3 1 

Transformations 36 10 4 38 10 2 i 
Interpretations 26 16 8 32 16 2 i 
Knowledge claims 24 15 11 27 12 11 i 

Vã lue cl a ims 19 14 17 20 16 14 

Philosophy 11 10 29 lO 17 23 

Interaction 17 19 14 30 12 8 

To ta 1 s 333 182 135 412 152 86 

* The terms are better specified in the Table 22. 
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observed in Appendix A), we infer that these students ' 

difficulties and reactions were probably determined by the i r 

difficu1ties in stating the significance and utility of the 

estab1ished know1edge c1aims and/or of the whole experiment. 

Otherwise, we must emphasize that "value claims" were asked 

only in the first two laboratory tests; this may have been an 

insufficient number of opportunities fo r the students to t hi nk 

and overcome their difficulties concerning the understanding 

and the use of the term . 

In Tab1e 24 we may also observe that most of the students 

i ndicated that they had no difficulties in the understanding 

and identification of the terms located at the bottom of the 

Vee, that is, the "event", the "key concepts", and the 

"measurements" . This also happened with the terms 

"transformations of measurements", "interpretations of data", 

and "telling (basic) question". 

In Table 24 we may also observe that some students 

indicated that they had diff i culties in the understanding and 

in the identification of some other terms of the Vee; such is 

the case of: 

- Relat i onships among concepts : 14 % of the students indicated 

that they had difficulties in the understanding, and 30 % 

in the identification of this term; 

- Interaction (between the two sides of the Vee: 16 %, and 28%; 

- Princip1es and Laws: 14% , and 28 %; 

- Definitions: 12 %, and 20 %. 

These students' opinions ( fr om 12 % to 30 % of the s tudents~ 

• 

• 
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that they had difficulties in the understanding and 

identification of these four specific terms, confirm the 

information which we collected through the laboratory tests 

and the formative evaluation activities . That is, students' 

main difficulties in the conceptual domain of the Vee carne 

from their (a) lack of mastery of the theoretical background 

of the experiment, (b) difficulties in expressing 

relationships among concepts, and (c) lack of knowledge about 

the nature, structure and functions of a theory and its 

component parts . Even more, these students• difficulties also 

represented obstacles in the description of the 11 interaction" 

( constant interplay) between the conceptual and the 

methodological domains of the structure of knowledge involved 

in a laboratory experiment. 

Concerning the difficulties in the understanding of the 

function and in the identification of the term 11 affirmations 

of knowledge (knowledge claims} 11
, indicated by 22 % of the 

students in both cases (see Table 24), we infer two possible 

reasons for these difficulties. First, these difficulties 

perhaps may be related with that (mentioned earlier) students' 

reaction to the terminology of this term. Second, some of these 

22 % of students argued that they considered as unnecessary the 

establishment of 11 knowledge claims 11 after they had carried out 

the 11 interpretations of data 11
; that is, they considered that 

the .. interpretations of data .. also included the 11 knowledge claims'.' 

It is also interesting to observe in Table 24 that the 

number of students who indicated difficulties in the 
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identification of each term of the Vee it is higher (except 

the term "knowledge claims") than the number of students who 

indicated difficulties in the understanding of the function 

of the corresponding term. This may be observed by comparing 

the number of students who assigned the scores 4 and 5 in the 

two columns, or by comparing the totals at the bottom of the 

Table 24 . This probably happened because each new laboratory 

experiment required a particular application of the Vee . 

The third part of the Final Questionnaire, as we mentioned 

before , asked the students to freely express their final 

comments , critics and suggestions concerning the Analytic 

Method (epistemological Vee) with which they had just finished 

to work with in the Physics II laboratory context. A sample of 

some expressions written by the students in the third part of 

the Final Questionnaire is presented in the Appendix G. 

As soon as we received the first answered questionnaires, 

we took a glance at some students' comments and we decided to 

formulate few additional questions to the students. Sixty four 

students answered these additional questions. This number of 

students is higher than the number of students (50) who 

answered the Final Questionnaire because the additional 

questions were attached to the last written examination 

(c oncerning the theoretical classes) of the Physics II course, 

and 64 students, who were involved in this research study, 

performed this written examination. 

The additional quest1ons of the Final Questionnaire, with the 

frequencies of the students' answers, are presented in Table 25 . 
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Tab1e 25. Add1t1onal questions of the Final Questionnaire. 

The frequencies of the answers given by 64 students 

are shown. 

An 
Question Many acceptable 

number 
Few Nane 

1 . How many physics laboratory 

classes did you h ave in the I 

3 1 5 25 21 I 
secondary school o r before I 

I 

you carne in to college ? 

2 • How many laboratory classes 
did you h ave in the o 5 1 1 47 
Physics I course ? I 

I 

! 

3 . Did you already take a course ( i n any discipline) throughl 
which you had the opportunity to study and analyse the 
structure of scientific knowleage (product of scientific 
inquiry) in a similar way as was done with the Analytic 
Method, Vee, through the laboratory classes of the 
Physics li course ? 

Yes: 7 

/ Just theoretic course: 2* 

~ Theoreti c - practi cal course: 5** 

No: 57 

* Preparatory School of the Army; Scientific Methodology. 
* * C h e m i s t r y ( 3 m e n t i o n s ) ; B i o 1 o g y (3 ) ; M i n e r a 1 o g y ( 1 ) . 
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From the frequencies shown in Table 25 we may conclude 

that: 

1. The physics laboratory work, in the secondary schools where 

most of the student s who answered the questions had studied, 

in general, was not too much emphasized. 

2. The laboratory work in the Physics I co urse , whic h comes 

before the Physics II course that provi ded the populat ion 

of this study, practically did not exist. This, of course , 

determined a great number of students' difficulties mainly 

by the lack of practicing some laboratory skills such as the 

concerned with the graphic construction and analysis. 

3. The Analytic Method involved actually a new subject matter 

for most the students. This supports our initial point of 

view, stated in the Chapter I, that the students usually 

are not provided with an epistemological framework to guide 

them to the understanding and description of a laborato ry 

experiment. In other words, teachers in laboratory teaching 

assume that the stu dents know how to learn from nature when 

students actually do not know it. How could they, if almost 

nobody teaches it ? 

Let us now go into the last section of this data analysis 

chapter. 
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IV-11 Comparative Analysis of the Three Formative 

Evaluation Strategies 

Having in mind the additiona1 research question of this 

study stated in the Section III-4, let us now carry out a 

comparative analysis of the three experimental groups which 

involved the clinical interviews (CI), the group discussions 

(Gq), and the written feedback (WF). This analysis will 

compare the three experimental groups in terms of: 

- the means in the five laboratory tests; 

- the students' receptivity to the Vee; 

- the students' receptivity to the fonnative evaluation strategies; 

- the time involved in conducting the three strategies. 

Table 26 summarizes the performance of the three 

experimental groups of the second research run in the five 

laboratory tests. Applying the F-test to the data, that is, 

~sing an One-factor Analysis of Variance (ANOVA)( 12 ), we 

obtained the F-ratios (SSb/SSw) indicated in Table 26. From 

these F-ratios we may conclude that, in all the five laboratory 

tests, even ata level of significance .1, it is not possible 

to reject the nu11 hypothesis H
0 

of no statistical difference 

among the three experimental groups. 

Table 27 shows the frequencies of the answers given by the 

students of the three experimental groups, of the second 

research run, to the twe1ve questions of the Final Questionnaire 

which aimed to detect the students' receptivity to the Vee. 

(l 2 ) Reference: Glass and Stanley, 1970, Chapter 15. 
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Table 26. Data of the Five laboratory lests. 

Test 

1 

2 

3 

4 

5 

The number of students (N), the means (M), and the 
standard deviations (SD) of the means of the three 
experimental groups are indicated. 

Group N M SD ssb ssw F* 

CI 25 5 . 98 1 . 4 9 
GD 23 5.00 1 . 83 7 . 1 7 3.61 1 . 99 
WF 26 5. 1 o 2 . 18 

CI 24 8 . 1 9 1 . 03 
GD 20 8 . 05 1 . 1 3 2.53 1 . 33 1 . 91 
WF 23 7.56 1 . 2 5 

CI 24 6.47 1 . 2 2 
GD 1 9 6 . 47 1 . 52 o. 01 2 . 11 0.01 
WF 25 6 . 51 1 . 52 

CI 24 7.08 1 . 4 5 
GD 1 9 7.29 1 . 02 0 . 79 1 . 46 0.54 
WF 22 7.45 0.96 

CI 24 7.27 1 . 7 9 
GD 18 7.72 1 . 65 1 . 09 2.93 0 . 37 
WF 21 7.38 1 . 5 2 

* F-test, One-factor Analysis of Variance (ANOVA) : 

Glass and Stanley, 1970, Chapter 15 . 

These twelve questions are specified in Table 20 and they 

were a1ready analysed, as a whole, through Table 23. 

Using the Likert's scale (see the reference given 1n 

footnote 8) we obtained, for the three experimental groups, 

the total scores indicated at the bottom of the Table 27. 

Considering the poss i ble maximum total scores of each group, 

we obtained the percent relations between the total score of 



• 

I • 

I 

143 

Table 27. Recep tivity of the three experimental gro ups 
to the Vee . 

Question* Group N SA A u D SD CI GD WF Total 

1 CI 21 5 1 4 o 2 o 64 
GD 1 2 2 1 o o o o 38 
WF 1 7 1 14 o 2 o 48 150 

2 CI o o o 14 7 70 
GD o o o 8 4 40 
WF o o 2 1 2 3 52 162 

3 CI o 1 8 3 o o 60 
GD 1 9 2 o o 35 

I 
WF o 1 2 4 1 o 45 140 

4 CI o 1 o 14 6 67 
GD o o 1 5 6 41 
WF o o 1 1 6 o 50 158 

I 
5 CI o o 2 1 5 4 65 

GD o o o 9 3 39 
I WF o 1 4 1 2 o 45 149 

I 
6 CI 3 1 7 1 o o 65 

GD 2 9 1 o o 37 
WF 2 1 4 1 o o 52 154 

1 3 CI o o o 1 2 9 72 
GD o o o 6 6 42 
WF o o 1 1 4 2 52 1 66 

1 4 CI 4 14 2 1 o 63 
GD 1 9 1 1 o 34 
WF 1 8 3 5 o 39 1 36 

1 5 CI 2 1 2 4 3 o 55 
GD 4 6 1 1 o 37 
WF 1 1 2 4 o o 48 140 

16 CI 4 1 3 3 1 o 62 
GD 4 8 o o o 40 
WF 4 1 1 1 1 o 52 154 

1 7 CI 6 1 4 1 o o 68 
GD 2 9 1 o o 37 
WF 3 1 2 o 2 o 50 155 

18 CI o o 2 1 5 4 65 
GD o o 1 9 2 37 
WF o 2 1 1 3 1 47 1 49 

a ) Total Score** 776 457 580 1 81 3 
b) Maxim,um Total Se ore 1008 576 816 2400 
c ) Percent Re1ation a/b 77 % 79% 71% 75 % 

*The questions are specified in Table 20. 
**Scoring system: Likert's sca1e refere d in the text. 

L__ ______ _ _ _ _ 
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each group and its possible maximum total score; they are also 

shown at the bottom of the Table 27. We can observe that the 

percent relations are approximately the same, about 75 %, for 

all the three groups as wel1 as for the total of students . This 

suggests that practica11y there was not significant differen ce 

among the three experimental groups in terms of the students' 

receptivity to the Vee expressed through the Final Questionnai r e . 

Let us now compare the students' receptivity to the three . 

formative evaluation strategies . Through the question 20 of the 

Final Questionnaire (see the Table 20) each student expressed 

his/her opinion about the strategy in which he/she had 

participated; that is, if the specific strategy had or had not 

been worthwhile in correcting deficiencies in the understanding 

and use of the Analytic Method ( Vee) . 

The data obtained from the students' opinions are shown 1n 

the 3x3 contingency Table 28. In this table, the scores of e ac h 

group which represented agreement were added, and the same with 

the scores representing disagreement, in order to in c rease the 

validity of the x2 -test (l 3 ) . Using this test , we obtained the 

value of x2 = 5. 102 . This value, when compared with the cri ti ca l 

va1ues given by tab1es, in our case for 4 degrees of freedom, 

permits us to affirm that the null hypothesis (of independence 

among the three modes of classification which the contingen cy 

Table 28 is based ) cannot be rejected even at the .2 level . 

In other words , there is no statistically significant difference among the 

(lJ ) Reference: Mode, Elmer B., 1966, "Elements of Probabilit y 

a n d S ta ti s ti c s 11 
, C h a p te r 1 1 . N e w J e r se y : P r e n ti c e- H a 1 1 , I n c . 
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Table 28. The Students 1 Receptivi ty to the Three Forma tiv e 

Evaluation Strategies. The data refer to the students 1 

answers to the question 20 o f the F i na l Questio nnaire 

presented in the Table 20. 

SA+A u D+SD 

CI l 8 3 o 21 

GD 7 3 2 l 2 

WF l l 3 3 l 7 

36 9 5 5 o 

stude nts of the three experimental gr ou ps in terms of their 

receptivity to the specific type of formative evaluation 

strat egy in which they were involved during the course . 

The Table 29 presents the time involved in conducting 

the three formative evaluation strat e gies . We can observe 

that the clinical interviews required about twice more time 

than the written feedback (involving nearly the same to tal 

number of students per activity), and that the writ ten 

feed back required more time than the group discussion (about 

1.5 times more, if the total number of students, or ac tivities, 

are equalized). 

We must state that the information collected throu gh the 
• 

clini cal interviews seemed to us more worthwhile and signi ficant 

for instructional and research purposes. As we mentione d 

ear lier, this impression may be determined by the highe r amount 

of time that we dedicated to the clinical interviews in 
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Table 29. Ti me invo1ved in Conducting the Three 

I 

CI 

GD 

WF 

Total 

Formative Eva1uation Strategies. The number of 

students (N) and the time in hours(h) are indicated. 

First Set Second Set 

I 
Third Set I 

N Time(h) N Time(h) N Time( h) N Time(h ) 

23 11.50 1 9 9.50 22 11 . 00 64 32 . 00 

20 3.0 0 1 7 3.00 1 6 3.00 53 9 . 00 
I 

25 6.25 I 27 6.75 1 1 2. 75 63 1 5. 7 5 
I 

68 20 . 75 63 19 . 25 49 16.75 180 56.7 5 

com pa r ison with the other two strategies. But, if we look a t 

I 

th e s tudents' performance in the laboratory tests and at the 

s tudents' receptivity to the Vee and to the formative evaluation 

str ategies, we will see no significant difference. This may be 

mo r e easily understandable when we put ourselves in the place 

of th e student . For t he student , in general, t here was not a ny 

sign i f icant difference i n the amount of time he / she dedi cated to 

the unde r st a nding and us e of the Vee; that i s , each stud ent was 

in vo lved , in general , du r in·g the same total amoun t of class time i n 

t he co urse, independently of the formative evaluation a c tiv ities 

in whi ch he / she to ok part. 

Even mo r e, in thi s study there was a constant inte r a c t ion 

among the students of t he three e xperimental groups wi th th e 

co ns equent s haring of meanings ; that is, the three treatmen ts 

were not pure be cau s e they were not completely i ndependent . 

The third instruct i ona l unit about the Vee (see Appendi x A), 

for i nstance , had i t s elaboration based on information which 
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wa s collected through the three formative evaluation st rategies, 

a nd the same instructional unit was provided to all the student s . 

The same happened with the basic ideas about the nature and 

stru cture of a theory and its parts, which were provide d to 

a ll t he students; and the same with the the discussion s about 

th e graphic construction and analysis, that we mentione d before. 

I n summary, only you, the teacher and/or researche r who is 

re ad i ng this work, can decide which instructional and resear c h 

ap pr oach is more appropriate to the needs and work cond itions 

of the educational context where you are putting your time and 

effor ts . For us, however , as we mentioned before, the c l ini ca l 

i nt e r views seemed to be more worthwhile and significant for 

i nst ru ctional and research purposes . 
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Chapter V 

SUMMARY ANO FINAL INTERPRETATIONS 

Following previous experience and research in laboratory 

instruction which indicated the need of providing students with 

a heuristic device to help them in the understanding and 

description of the structure of knowledge of laboratory 

experiments, this study was based on providing students with 

G0win's epistemological Vee through an introductory laboratory 

physics course at Federal University of Rio Grande do Sul , in 

Brazil. 

V-1 The Educational Context, the Problem and the Basic 

Assumption 

Physics li is the second one of a sequence of three one-

semester courses in General Physics on electromagnetism and 

thermodynamics to engineering students at Federal University of 

Rio Grande do Sul, in Braz i l. 

Our experience as a teacher and the research findings of a 

study carried out by Moreira (1977) provided evidence that, in 

the Physics li laboratory context, there was some students' 

apparent inability to learn the educative materials presented, 

in spite of the improvements made in the teaching methods and in 

the instructional materials. 

What are the educational objectives of the laboratory ? 

What should be taught to the students ? Laboratory is defined 

as "a place for scientific experimentS 11
• Physics has been 

148 
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defined to be both a body of knowledge and a process of inquiry . 

"Knowledge 11
, used in this study , refers to the 11 results or 

products of inquiry 11
• We think that this process of inquiry 

ought to be taught to students in a laboratory context. That 

is, in addition to teaching them laboratory skills, physics 

concepts and relationships among concepts, and certain 

a ttitudes, students ought to be taught how to learn from 

na t ure without the assistance of either a laboratory guide or 

a teacher. 

One of the major mistakes made by the teachers in 

laboratory teaching is to assume that the students know how to 

learn from nature when students actually do not know it. 

Facing the problem that the Physics II laboratory work was 

not being often effective, we assumed that this was in part 

happening because the students were not being provided with an 

epistemological framework that could guide them to the 

understanding and description of a laboratory exper i ment . 

In other words, we assumed that the laboratory work was 

not being often effective because, in part, the students did 

not know how to learn from nature, they did not know about 

processes of inquiry and, consequently , they did not understand 

and know how to describe the structure of knowledge of a 

laboratory experiment. The term structure, in this study 

refers to the parts of a whole , it also refers the function of 

ea ch part, and the relationships among these parts . 

Therefore, we decided to provide the Physics II students 

with an epistemological framework in order to make possible 

' 

•• 
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their impro yement in the underst~nding and descr ipt ion of the 

structure of knowledge involved in a laboratory experiment . 

V-2 The Main Research Objective 

An evaluation of students' performance in the underst and i ng 

and use of Gowi n's epistemologica1 framework (the Vee) was the 

main obj ective of th is research. That is, this st udy inte nded 

to investigate the students' con ceptions and misconceptions , 

main difficu1ties and abilities, as well as feelings and 

receptivity in the comprehension and use of Gowin's Vee in the 

Physics II labo r atory context . 

We selected Gowin's Vee as an appropriate epistemologica1 

framework to guide students to the understanding and description 

of a 1aboratory experiment. The Vee is a method for the 

analysis of knowledge claims (products of inquiry); that is, th e 

Vee is a heuristic device for the ana1ysis of the structure of 

know ledge as a product of dis c iplined inqu iry. In Edu ca ting 

( D.B.Gowin, 19 81) t he reader can find clear operational 

definitions and explanations for each term (part) of the Vee , 

and also for the relationships among these parts which desc ri be 

t he structu re of knowledge. In this study, the reader may find 

the Vee i11ustrated by means of the Figure 1 and described in 

Section II-3 and Appendix A. 

The eva1uation of students' performance in the 

understanding and use of the Vee was differentiated in three 

1eve1s of students' achievement: 

1. The c1assif icat ion of the parts of the stru cture of kno wledge 
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of a laboratory experiment; 

2 . The description of relationships among these parts; 

3. The application of the epistemological framework to new 

problems and situations of a laboratory experiment. 

V-3 The Theoretical Background of the Research Study 

The theoretica l f ram ewo rk of th i s res earch study is mainly 

based on concepts, definitions, and relationships among 

concepts which are involved in Gowin's epistemological Vee, in 

Gowin's triadic model of teaching, in the concept of formative 

evaluation, and in Gowin's ideas about learning. 

In the anterior section we already indicated where may be 

found descriptions concerning the Vee structure and all the 

concepts and relationships which it may involve . 

Formative evaluation, for the purpose of this study, means 

the use of a systematic evaluation in the teaching and learning 

process with the objective of improving this process through 

feedback. It is also anticipated that an appropriate formative 

evaluation approach will help to make the process of teaching 

more effective, long before any summative (final) evaluation 

takes place. Formative evaluation yields feedback and 

facilitates assessment of students' understanding and enables 

the teacher to take decisions soon enough to correct deficient 

teaching methods and promote more meaningful learning. A 

conceptual analysis of formative evaluation is presented in 

Appendix B. 

In relation to teaching , we decided to use another Gowin's 

• 
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modelas a theoretical framework. Gowin (1981) sees teach .. ng as 

a triadic (three-way relation) episodic exchange of meanings of 

pi ec es of knowledge (educative materials) betw~en teacher and 

student, and the occurence of successful teaching as the 

ac hievement of shared meanings between them. Gowin's triadic 

mo del of teaching is described in the Section II-4 and 

i l lus trated by means of the Figure 2. 

We see coherence between Gowin's model of teaching and an 

app r opriate formative evaluation approach because through both 

feedback may be provided and sharing of meanings may be carried 

out among teacher(s), students, and educative material. 

Concerning the concept of learning, we used Gowin's ideas 

as a reference. According to Gowin (1981 ), after the achievement 

of shared meanings, the student is then ready to decide to learn 

or not because learning is a responsibility of the individual; 

l earning i s no t a responsibility that can be shared. Gowi n 

defi nes learning as "an act of an individual to connect up the 

new pa ttern of meanings with the old one (that the student brings 

to the teaching situation), and to work voluntarily to fit them 

t ogether". And he clarifies that: "The re-organization of meaning 

is under the voluntary control of the learner ... according to 

his or her own interest". 

V-4 The Experimental Procedure 

This study was carried out through two research runs : a 

pilot run anda second research run. The pilot run was carried 

out during the first semester of 1980 (from March to June). 

Af t er that, the instructional. evaluative and research 
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materia1s, as we11 as th e des ign of the exp erimen t , were 

improved for the second re se a r ch run from August t o November 

of 1980. 

Each run 1asted abo ut 15 weeks and dea 1t spe c ifica11y with 

the laboratory activities r elated to five la borato ry experiments 

on electricity and magne tism performed in fi ve 2-hour classe s 

by roughly 80 student s (two cou rse section s) of the Physics II 

course at UFRGS, in Bra zil. During the first and se cond rese arch 

runs, nearly 270 and 370 students were respe ctiv ely enrolle d in 

6 and 9 sections of the Physi cs II course. 

Students of the two course sections use d in the experi ment 

were not randomly selected because students are free to enroll 

in any of the sections of Physics II, but on ce t hey a r e 

enrolled no changes can be made. At registr ation they are not 

aware of which teacher wil l be in charge of a ce rtain cours e 

section. 

The nearly 80 students received the fol lowi ng researc h 

written materials: in s t ructi ons about the e pistemo log ical Ve e 

(Appendix A), laborato r y guides (Appendix C) , an d l aboratory 

tests (presented and an a lysed in the Chapte r IV ) . 

Students' performanc e in the achieveme nt of th e 

eoistemological Vee (und er standing and use in th e th ree l evel s 

mentioned earlier) was evaluated through f ive wr itt en test s 

concerning the five laboratory experiments of th e Phys ics II 

course . In the second resea rc h run, the firs t t hree t est s were 

individually answered by the students durin g a pe r io d of 45 

minutes for each test , an d t his time was ta ken f rom the 

. j 
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theoretical classes (a kind of lecture combined with recitation) 

which carne one or two days after the laboratory work. The fourth 

and fifth tests, in the second run, lasted respectively 45 and 

30 minutes and were individually answered in the 2-hour classes 

when the last two experiments were performed. 

The five written laboratory tests were individually 

ans we r ed and supposed to prov i de evidence about the students' 

level of achievement of the ep1stemological Vee applied to the 

description of the structure of knowledge of each experiment 

The criteria used in assessing the student understanding and 

use of the Vee through the laboratory tests were based upon 

previously prepared possible answers by the author and upon a 

Vee of each experiment . In addition, a concept map (see example 

in the Appendix D) illustrating the conceptual structure of 

each laboratory experiment was drawn in arder to assist the 

r esearcher in carrying out the evaluation of the tests. These 

maps had also been used as reference in the preparation of the 

laboratory guides. A zero to a maximum of 10 points scale was 

used to score each laboratory test, which was separated into 

its several component parts in arder to increase the range of 

the evaluative discrimination . 

For each one of the five tests, were calculated the 

following statistics: the mean of each test item and its 

standard deviation; the total me a n of the test and its 

s tandard deviation; the reliability coefficient of the test; 

the standard errar of the measurements. 
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In addition to the five laboratory tests, three different 

formative 

evaluate 

evaluation 

the students 

strategies 

and to 

were used in arder to 

provide them feedback in 

the achievement and use of the epistemological framework. These 

three strategies also served as three different channels of 

information fo r research purposes . 

The three formative eval uat ion strategies were named: 

Clinical Interviews ( C. I.), Group Discussions (G . D. ), and 

Written Feedback (W.F. ). The three strategies are described in 

the Section III-3 and the rationales for the development of the 

clinical interviews and the group discussions are presented in 

the Appendixes E and F, respectively. 

The main differences among these three experimental 

treatments, used to stimulate feedback and sharing of meanings 

as well as to increase the amount of research information, are 

concerned with the kind of feedback that each group received 

after performing the laboratory experiments and tests: 

- The G.D. experimental group, in the second research run, was 

divided in two sub-groups, each one with about 5 students, 

for the purpose of group discussions lasting about 45 minutes 

per sub-group, three times along the semester; 

- The C. I. students were excused from the class planned for 

group discussions , but they were required to participate in 

individualized clinical interviews, lasting half an hour per 

student, during the same week of the group discussions 

(three times along the semester); 
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- The W. F. group was also excused from the class planned for 

t he group discussions, but W. F. students received back their 

laboratory tests with comments and individualized remedial 

written work requirements; this was dane with emphasis on 

written communication, so that no more than fifteen minutes 

per student per test were taken from the teacher (reasercher) 

In the second research run, when the research design of 

the experiment was 1mproved, three experimental groups were 

randomly selected from each one of the two course sections used 

in the experiment. The three experimental groups refer to the 

three different formative evaluation strategies which were 

used i n order to provide feedback to the students in 

the understanding and use of the epistemological Vee 

Just one of these three strategies was used with each 

student.i . e . , each student received just one of the three 

possible treatments for feedback . 

The use of the t hree formative evaluat1on strategies 

generated an additional research question of this study : 

Given three different formative evaluation strategies, 

t he C. I., G.D . , and W.F . , to support and assess the 

students in the mastery and use of the epistemological Vee, 

what differences would arise among them in terms of . 

a) Students' performance in the laboratory tests ? 

b) St~dents' receptivity to the epistemological Vee as expressed 

both during the course and in a final questionnaire ? 

In both research runs, one week after the fifth (last) 

laboratory test, students answered a Final Questionnaire . The 
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aim of this questionnaire was to collect students' opinions 

and final critical comments relative to their participation, 

difficulties, and learning insights in the understanding and 

use of the epistemological framework (Vee) that they had just 

finished to work with in the Physics II laboratory context. 

The questionnaire of the first research run, in particular, 

provided information which was used as a reference when 

modifications were made for improvement in the research and 

instructional programs for use in the second research run. 

The questionnaire of the second research run also helped 

in the answering of the additional research question. That is, 

the questionnaire was also used as an additional instrument in 

the detection of differences among the three instructional 

strategies with formative evaluation in terms of students' 

receptivity to the epistemological framework. 

V-5 The Research Findings 

Taking into account that several shortcomings happened in 

the pilot research run which were eliminated in the second run 

(as explained in the Chapter III) we will present mainly the 

findings established through the second research run. 

Before presenting a summary of the research findings, 

let us review the main research objective of this study. The 

main research objective (see pages 4 and 21) was: 

To evaluate the students' performance in the achievement 

and use of an epistemological framework for: 

(a) the understanding and the description of the relation 

• 
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between physics and nature, and (b) the recognition of 

physics as being both a body of knowledge and a process of 

inquiry. 

As we mentioned earlier, in this study the term 

"knowledge" refers to "products of inquiry", and the term 

"structure" refers to "the parts of a whole, the function of 

each part, and the relationships among these parts": Then, 

the main objective of this research study may be stated through 

other words appropriate for the laboratory context. That is, 

the main research objective was: 

To evaluate the students' performance in the achievement 

and use of an epistemological framework as a heuristic 

device for the understanding and description of the 

structure of knowledge involved in a laboratory experiment. 

Concerning the main research objective, let us now present 

the major findings of this research study. They were 

established through the data analysis of the students' 

performance in the five laboratory tests, through the three 

sets of formative evaluation activities, and through the data 

analysis of the students' opinions in the final questionnaire . 

V-5.1 Students• Performance in Using the Vee 

From the first to the fifth laboratory experiment and 

test, there was a progressive improvement in the students • 

understanding and use of the epistemological framework (the 

Vee) for the analysis of the structure of knowledge involved 

in each one of the five laboratory experiments. 
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This improvement includes the proposed three levels of 

students• achievement mentioned earlier, even the highest one, 

that is, the "application of the epistemological framework to 

new problems and situations of a laboratory experiment in 

order to establish knowledge claims". The students• performance 

in this highest level of achievement was also satisfactory but 

the findi ngs are preliminary and deserve additional research 

studies to increase their validity. 

The mentioned students• improvement is evident through 

the data analysis presented in the Chapter IV of this study, 

and it may be claimed even considering the interference of two 

factors : the differences among the five laboratory experiments, 

and the increase (with the time) of the students• familiarity 

with the terminology of the epistemological Vee. We contend 

that , in addition to the learning of the "Vee language", the 

students also improved their ability in using the Vee for a 

bett er understanding and description of the structure of 

knowledge of the laboratory experiments. Even more, coherent 

with th e moral justification of this research study (Section 

II-5 ), we contend that the teaching and learning process is 

likely t o become more efficient when both the subject matter 

and its epistemology keep going together. 

We also contend that the information obtained by the three 

different formative evaluation strategies permitted us to 

comprehend some of the students• basic difficulties (which we 

will summarize later) in the understanding and use of the Vee 

in time for remedial feedback. 
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In terms of Gowin•s triadic model for teaching (Section 

II-4), we think that by giving our meanings through 

instructional materials about the Analytical Method (the Vee) 

to the students, and receiving their meanings through the 

laboratory work, the tests, and the formative evaluat t on 

activities, an exchange of meanings occurred. This sharing of 

meanings probably contributed to the increase in the students• 

understanding of the Vee and in the1r ability to use it in 

the Physics 11 laboratory context . 

V-5.2 Students' Performance in the Highest Level of 
Achievement and Use of the Vee 

The fifth {last) laboratory experiment and test was used 

to evaluate each student in the proposed third (highest) level 

of achievement of the epistemological framework (Vee): 

application to a new situation in the laboratory context in 

order to obtain knowledge claims. 

To permit this kind of evaluation, the fifth laboratory 

content was divided into three different parts (relative to 

t hree different events or phenomena) and each student worked 

alone without a laboratory guide but with a laboratory test 

concerning one specific event which he/she received at random . 

To make possible the students' individual work, special 

arrangements were made in the laboratory class; these 

arrangements are described in the Section IV-9 . 

The following findings and inferen~es may be stated 

t hrough the analysis of the students• performance and 
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receptivity in the fifth (last) laboratory experiment and 

test: 

When the students were required to learn from nature on 
' 

their own, in the fifth (last) laboratory experiment and test, 

they had some difficulties. These difficulties were mainly 

concerned with aspects of practical nature, with the 

theoretical background of the experiment, and with skills on 

graphic representation and analysis of data. In addition, of 

course, some difficulties arose because the students were 

being required to perform at the highest proposed level of 

achievement of the Vee for the first time in the course. That 

is, for the first time in the course they had to plan and 

develop an experimental procedure, by using the epistemological 

Vee as a reference, in arder to analyse a physics phenomenon 

and to establish knowledge claim (s) . 

However, in spite of these difficulties, the students 1 

performance in this highest level of use of the Vee was 

satisfactory, as can be observed through the data analysis of 

the fifth laboratory experiment and test presented in the 

Section IV-9. Our point of view is that this satisfactory 

performance was made possible, in great part, because the 

students used the Vee as a reference. That is, the students 

had clear ideas about the structure of knowledge of a 

laboratory experiment and, consequently, they were capable of 

projecting and executing an exper i ment (without a laboratory 

guide) in arder to obtain knowledge claim (s). 

• 
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The students liked the kind of work carried out in the 

fifth laboratory class because of the challenging situation 

that required individual thought and application of the Vee. 

We were positively surprised with the students' 

enthusiasm with this fifth laboratory approach . This students' 

receptivity was reflected through their opinions in the third 

part of the Final Questionnaire which is presented in the 

Appendix G. 

Concerning the students' satisfactory performance and 

receptivity in the highest level of achievement of the Vee, 

the findings suggest further research because they were 

established just through one laboratory experiment and test 

and, consequently, as mentioned before, they are preliminary . 

V-5.3 Students' Main Difficulties in Using the Vee 

Let us now present the major research findings concerned 

with the students' main difficulties in the understanding and 

use of the Vee. 

The methodological domain of the Vee ( experiment) was 

more easily understood and described by the students than the 

conceptual one. 

Students' main difficulties in the conceptual domain carne 

from their (a) lack of mastery of the theoretical background 

of the experiment, (b) diff i cult i es in expressing relationships 

among concepts, and (c) lack of knowledge about the nature , 

structure and functions of a theory and its component parts . 
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These students' difficulties also represented obstacles in the 

description of the constant interplay between the conceptual 

and the methodological domains . 

Some students' difficulties in the expression of 

relationships among concepts was evident because it happened 

in all the five laboratory tests. 

Concerning the students' insufficient understanding of 

the theoretical background (left side of the Vee) when . 

performing an experiment, although they had received the 

laboratory guide in advance and also the theoretical classes 

concerning the same theory, we suggest a possible solution: 

the use of a pretest preliminary to the laboratory work . 

Through this pretest, a minimum performance level concerning 

the theoretical background of the experiment would be required 

from each student as a condition to perform the laboratory 

work. We did not put this remedial solution into practice in 

this study but it could be tried out in other re s earch run. 

With reference to the students lack of knowledge about 

the nature, structure and functions of a theory and its 

component parts (that is, the concepts, definitions, concept 

definitions, assumptions, relationships among concepts, laws, 

and principles), this students' deficiency was observed by the 

time of the third laboratory and test. By that time, most 

students did not know the main functions and purposes of a 

theoretical model which are: to describe and explain phenomena, 

to pr edict natural outcomes, and both to make happen and 
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control events . By . that time , most students did not know , e . g., 

that a law (ora principle) fulfills two main functions: first, 

it summarizes many regularities in events and so makes for the 

economy of thought, because if one knows the law (or principle) 

one does not need all events; second, it enables one to predict 

further events, because it tells one that if a phenomenon is ~ 

instance of a law , it will behave as the law (or the principle) 

states. 

In arder to minimize this students 1 deficiency, we used 

every opportunity from the Physics II theoretical classes to 

introduce some key ideas concerning the nature, structure and 

functions of a theory and its parts. 

Let us return to the major research findings concerning 

the students 1 main difficulties in their understanding and 

use of the Vee. 

StudentS 1 main difficulties in the methodological domain 

( right side of the Vee) came from their lack of skills in 

( a) the graphic representation of data, (b) the drawing of 

a 11 best-fit 11 curve through the data points, and (c) 

interpreting the curve as satisfying or not satisfying an 

equation . 

These students 1 difficulties were also detected by the 

time of the third laboratory experiment and test and, after 

that, we used every opportunity from the Physics II classes 

to illustrate some basic techniques about graphic 

representation and analysis of data. 



165 

V-5.4 Students • Receptivity to the Vee 

The students' answers to a final questionnaire permitted 

us, in part, to confirm some of the research findings already 

stated. In addition, the following main findings are 

established through the data analysis of the final 

questionnaire. 

In both the research runs. the students' opinions 

reflected a good (about 75 % of the possible maximum by using 

the likert's scale) receptivity to the use of the 

epistemological framework (Vee). 

In the second research run, the students• receptivity to 

the Vee was evidenced by their answers to 12 items of the final 

questionnaire. These 12 items (see Tables 20 and 27) involved 

statements concerning the validity and usefulness of the Vee 

for: 

the laboratory classes in general (items 1 to 3 in Tables 20 

and 27); 

- the comprehension, analysis, and description of the structure 

of knowledge involved in a laboratory experiment (item 4) ; 

- other circunstances out from the Physics 11 laboratory 

classes (item 5); 

- observing the constant interaction between the theoretical 

(conceptual) and the practical (experimental, methodological) 

domains of an experiment (item 6); 

- motivating the students to the laboratory classes (item . 13); 

- stimulating and developing the students• sense of critical 
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appraisal in the laboratory classes (item 14); 

- the understanding and description of the relation between 

physics and nature, i.e . , the re1ation between the 

physicists' description of nature and nature itse1f (item 15); 

- understanding the processes invo1ved in a scientific 

i·n vesti g a ti o n ( i tem 1 6 ) ; 

- the st udents' growth in the scientific analysis of physics 

events (phenomena)(item 17); 

- the understanding of physics as being a body of know1edge 

resulting from scientific inquiry processes (item 18). 

Even in the second research run, there was some 

termino1ogy of the Vee which was considered as being not very 

appropriate to its functions by a significant number of 

students. Such is the case of: "phi1osophy" (system of va1ues), 

23 out of 50 students assigned the 1owest scores to the 

termino1ogy of this term; "va1ue c1aims" (affirmations of 

value, in equivalent Portuguese words), 19 out of 50 students; 

and "knowledge claims" (affirmations of knowledge , in 

equivalent Portuguese words), 14 out of 50 students . 

The low scores assigned to term "phi1osophy", as we 

already commented in Section IV-10, is consequence of two facts . 

First, by intending to simplify the meaning of "philosophy" , 

we defined it as "a system of values which could be underlying 

the theory of an experiment as well as originating the value 

claims about the know1edge c1aims and/or about the whole 

experiment". Second, questions about the possib1e philosophies 

L__ __________________ ____ _ __________ -
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were not asked in the lab ora tory tests and they were discussed 

very superfici~lly in the theo r etical classes of the course. 

It is evident that this superficial approach was not sufficient 

and probably determined the students unhappiness with the use 

of the term "philosophy" . 

Concerning the term "value claims", its meaning was well 

defined and illustrated throu gh several examples (see Appendix 

A) and we infer that the students• difficulties and reactions 

were probably determined by their difficulties in stating the 

significance and utility of the established knowledge claims 

and/or of the whole experiment. In addition, "value claims" 

were asked only in the first two laboratory tests and, 

consequently, the students had not a sufficient number of 

opportunities to overcome their difficulties with the 

understanding, use and the terminology of the term. We permit 

ourselved to make this inference because we think that when 

the students do not understand the meaning of a term of the 

Vee they have more diffi cu lties to identify the term, and 

they are more likely to disagree with its terminology. 

Concerning the term "affirmations of knowledge (knowledge 

claims)", most of the 14 s tudents who considered the 

terminology of this term as not very appropriate prefer to use 

just the terms "results" . or "answers". or "findings". or 
11 conclusions". 

The Final Questionna i r e also showed that: 

In the secondary schools , where most of · the students who 

answered the Final Questionnaire had studied, the physics 

• 

.• 
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laboratory work, in general , was not emphasized . 

The laboratory work in the Physics I course , which come s 

before the Physics II course that provided the pop ulation of 

this study, practically did not e xist . This lack determined 

an increase in the students' dif f iculties in the laboratory 

work mainly by the lack of practicing some skil l s such as 

th ose co nce r ned with the graph ic con struction a nd analysis of 

data . 

The epistemological Vee (named Analytic Meth od , or just 

Vee, in the Physics II course conte xt) involved a new content 

for most of the students. This fa c t s upports our ini tial 

assumption that students usually are not provided wit h an 

epistemological framework to guide them to the un de rstandin g 

and description of the structure of knowledge invo lv ed in a 

laboratory experiment. 

V-5.5 The Three Formative Evaluation Strateg ies 

Concerning the additional research question of this study, 

by comparing the three experimental groups (C . I. , G.D . , and 

W. F.) in terms ' of students' perfo r mance in the f ive laboratory 

tests, the students' opinions through the Final Que stionnair e . 

and the class time involved, the following knowled ge claims 

are established. 

In all the five laboratory tests, it was no t po ssible to 

reject the null hypothesis H of no statistical diff erence in o 
perfo~mance among the three experimental groups, eve n at the 

level . 1 of significance. 
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There was practic a lly no significant differe nce amon g the 

three experimental gro up s in terms of students' receptivity to 

the Vee as expressed th r oug h the Final Questionnai re . 

There was no sta tistica lly significant differ ence am ong 

the three experimental grou ps in terms of receptiv ity to the 

specific type of fo rmative evaluation strategy in which the 

st udents of th e three gr oup s were involved, even at a l e ve l . 2 

of significance . 

The c lini cal inte rv iew required about twice time to 

carry ou t than the wri tte n feedback (involving ne arly th e 

same total number of st udent s per activity). 

The written feedbac k requir ed more time than the group 

discussions (about 1.5 time s more, if the total numb er of 

student' in both activ ities are equalized). 

The clinical interviews seemed to this autho r more 

worthwhile and sign ificant for instructional and research 

purposes because they pr ovid ed the more valuable information. 

It is tr ue that this i mpressi on may have been caused by the 

large amount of time that the author dedicated to the 

c lini cal interviews . 

During the Physi cs li classes, there was no correlati on 

between the particula r for mative evaluation strategy in which 

a student participate d an d the amount of class t ime he / s he 

dedicated to the understanding and use of the Vee. 

We must emphasi ze th at the findings concerni ng the 

comparative analysis of th e three experimental grou ps wer e 
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established andare valid for the particular instructional 

approach (or a similar one) carried out in this study; that is, 

in this study there was a constant interaction among the 

students of the three experimental groups with the consequent 

opportunities for sharing of meanings. Consequently, the three 

treatments were not pure because they were not completely 

independent. The instructional feedback about the Vee was 

based on the information which was collected through all the 

three formative evaluation strategies, and the same 

instructional feedback was provided to all the students. 

V-6 Author's Reflections 

Our study is a first attempt, in a Brazilian educational 

context, in providing college students with an epistemological 

framework to help them in the understanding and description of 

the structure of knowledge involved in physics laboratory 

experiments. 

We claim that our findings indicate that this attempt was 

successful and worthwhile, and that most students appreciate 

i t. 

At first, this study was not intended to be a check of 

the validity and usefulness of Gowin's epistemological 

framework (Vee) . However, the experience that we attained 

through our research study (based on formative evaluation, 

sharing of meaning, and feedback) permits us to claim that the 

Vee is actually an excellent epistemological framework. 
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The Vee is likely to help the students in their 

comprehension of physics and its structure . The Vee is 1ikely 

to help the studen t s in getting a view of the relation between 

practice and theory, in achieving understanding of scientific 

processes, in developing critical appraisa1 and inquiry, and 

1n providing the students with a way for action, on their own. 

when fa cin g a phenomenon of scientific interest . 

The Vee has a strong communication ~ower . If the reader 

had asked which aspect of this study was the most stimulating 

to this author, he would answer it was the deep a--nd clear 

communication which happened between this author {teacher) and 

the students by using the "Vee language" as a reference 

(epistemological framework). This kind of easy and strong 

communication happened not only in the laboratory classes but 

also during the other course activities. A sample of the 

students• ability in carrying out this kind of communication 

is shown in Appendix G. 

The evidence that the Vee has an excellent structure, a 

strong communication power, and it is likely to improve 

abilities on scientific inquiry, are the most important 

findings of this research study. This statement is based on 

our belief that the invention of "organization" was human 

being's first most important achievement; the second was 

"communication", and the third is the "development of 

scientific inquiry" . 

We contend that the ability to analyse phenomenon{a) and 

to establish know1edge claims, which are products of inquiry, 
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may be improved by providing students with some kind of 

organized and communicable epistemological framework in 

addition to the subject matter content. We claim that 

Gowin's epistemological Vee showed to be this kind of 

framework . 
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INSTRUCTIONAL UNITS ABOUT THE EPISTEMOLOGICAL VEE 

Institute of Physics, UFRGS 
Physics II - 1980 

Analytic Method for the laboratory Experiments 

First Instructional Unit 

Introduction 

We are introducing a method for the analysis of the 

structure of the laboratory experiments. 

The term 11 Structure 11 refers to the parts of a whole, it 

also refers the function of each part, and the relationships 

among these parts. For instance, when we talk of a soccer 

team with someone we identify each player and his field 

position, we describe his function in the team and we discuss 

how the players (in their functions) relate among themselves, 

i .e., how they interact. Other examples might be: the 

structure of a building or an engine, the structure of the 

human body, and the structure of a society. 

When we speak of the structure of a laboratory 

experiment we refer to the identification of the several 

parts of the experiment, such as the event, the method, and 

the knowledge claims. We also describe the function of each 

part and the functional relations among these parts. 

We are introducing the analytic method in order to help 

you in the understanding of the laboratory experiment 
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structure. The laboratory tests will indicate your level of 

knowledge in understanding and descr ibing the structure of 

each laboratory experiment with the help of the analytic 

method. 

In addition, the analytic method may also be used for 

the critical analysis of lectures, books , articles, and 

research works based on experimental procedures in general. 

Description of the Analytic Method 

The analytic method,which will be used in the laboratory 

classes and tests, consists basically of answeri ng the 

following six questions to make clear the structure of 

knowledge of the laboratory experiments : 

1) What is (are) the observed event(s), i.e., the 

phenomenon(a) which is (are) being studied? 

* 2) What is (are) the telling question(s) of the experiment? 

3) What are the key concepts? 

** 4) What method(s) is (are) used to answer the telling 

question(s)7 

*** 5) What are the knowledge claims in the experiment? 

*** 6) What value claims can be made in the experiment? 

* 

** 

*** 

Portuguese term which corresponds to the English word "basic" was 
used instead of "telling"; 

the expression "experimental procedure(s)" was also used instead of 
"method(s)"; 

Portuguese terms whi c h correspond to the Engl i sh words "a sserti ons" 
and "affirmations" were used because they provide the best 
translation to the Portuguese of the term "claims 11 originall y 
introduced by Gowin (1970). 
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For instance, let us consider the analysis of a 

laboratory experiment : 

1. Events 

Events are phenomena which hap pen naturally or which one 

make happen in nature . The experiment al inquiry proc ess is 

basically a process by which one goes from even ts to answers 

of questions about the se events. 

A first difference am ong even ts was mentioned ab ove: 

a) Events which happen o r one can mak e happen or rep roduce 

and manipulate in labo r atory activities such as t he fall 

of bodies, and the scattering of particles by atoms; 

b) Events which happen in natu re but which one canno t make 

happen, i .e., one can not reproduce or manipulate them in 

experimental situatio ns. This events can only be observed 

and studied as they happen suc h as eclipses and supernovae. 

Another important difference th at can be made i s among 

events that can or cannot be rec orded. It is difficu lt to 

imagine events which can not be recorded, but, we can mention, 

for example, mental proce sses suc h as the lea rning of a 

physics concept, and the 11 ins ight 11 in the solution of a 

pro b 1 em. 

Recordable events can be dif ferenti ated as follo ws: 

a) Events directly reco rdable, i .e., events that can be seen, 

photographed, or measured directly, such as the fal ling 

bodies; 

b) Events not directly recordable , i.e., events that cannot 

be seen, photographed , or meas ured directly, such as 
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movement of atomic pa rtic1es, and stars which are going 

into gravitational co llapse {black ho1es) . 

Facts are records of even ts. According to the dictionary 

definition, a fact is that whi ch actu ally e xists, which is 

rea 1. 

In short, an event is wha t happens. The eve nts are the 

source(s) of experimenta l evide nce in the process of 

scientific inquiry . 

2. The Te11ing (Basic) Questi on(s) 

The tel1ing question is th e question which identifies the 

phenomenon to be studied in a way that some thing will 

probab1y be measured, disco ve red, or determin ed by answe rin g 

this question. The telli ng quest ion informs about the cen tr al 

point of the experiment; that is, the reaso n of being of the 

experiment . Essentially , it te lls what is being inquire d. 

3. The Key Concepts 

The key concepts ar e the fun damental conc ep ts of the fie ld 

of study of the experi ment. The se key concep ts are in volv ed 

in the different parts o f the struc ture of knowledge of the 

experiment and, in genera l, most of them appear in the 

telling question . 

We define a concept as a linguistic symb ol (sign) which 

points to regu1arities in event s. In other words, a concept 

i s a 1 o g i c a 1 a n d a b s t r a c t e n ti t y o f t h e h uma n m i n d ; i t 

represents a set of obje cts or events with so me common 

characteristics which may be re fered and ide ntified by a 
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particular name or symbol. 

For instance, the concept of liquid points to qualities 

whi ch are common to the milk, oil, and water, but i t do es 

not refer the several differences (which exist) amo ng them. 

In summary, a con cept is a mental and symbolic 

representation of a general characteristic of objects and 

events ; it permits a generalization. 

A generalization is the full meaning of a concept to all 

ca ses to wh ich the concept may be applied; the gene ral i zation 

is the process by which one recognizes the characteristics 

which are common to several objects and/or events. Therefore, 

a concept has to a small(er) extent the "power" of 

generaliza tion which a principle ora law have to a gr eat 

extent. This should not be a surprise because both principles 

and l aws contain concepts and relationships among concepts. 

The development of new concepts and the evolution of old 

one s lead to new kinds of observi ng ancient objects and 

events, i.e., they lead to new forms of selecting new objects 

a nd events which deserve to be r ecorded and analysed . New 

concepts originate new kinds of observations, of measurements 

( records), and of transformations of these measurements . Th e 

inverse process also happens, i . e ., new kinds of observations, 

etc., originate new concepts. 

Howeve r, the question "What are the key concepts" proposed 

i n our analytic method requires not only the identification 

and descr iption of the key concepts, but also the expl an ations 

of how they are logically related among themselves . These 

concepts and relationships among them form a conceptual 

• 
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st ruc ture. This conceptual structure, which can be 

i llustrated on a concert map, establishes a pattern of 

r easoning to relate a concept with another. This conceptual 

structure also serves to guide a researcher in the 

de velopment of experimental procedures (methods) of research 

s tudi es. 

4. The Method 

The research method is a particular experimental 

procedure. In an experiment, the scientist is investigating 

an e vent and looking for answers to the questions about the 

event, i.e., a phenomenon which happens or which the 

scientist makes happen in the laboratory and that is 

manipulated in order to be studied in its several aspects. 

In order to record the events and perform an experimental 

pro cedure, the scientist uses the equipment. This equipment 

can be simple and common like a meter and / or sophisticated 

l ike an electronic computer. The records of events provide 

data to the scientist. In general, the scientist presents the 

dat a in the form of graphs, tables, and equations, in order to 

interpret them and to get conclusions (results), i.e . , in 

o r de r to get answers to the questions under investigation . 

The results are then compared with tables, graphs, equations. 

laws a lready known from other investigations or anticipated 

(expected) from a theory. The theory is the structured set of 

concepts, definitions, principles and laws that constitute 

the conc eptual basis of the experiment. 

In summary, the method (experimental procedure) is the 
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sequence of the following steps: 

a ) R e c o r ds o f e v e n t s , i. e . , me as u rem e n t s ; 

b) Transformations of measurements, i .e., data organization; 

c) Interpret ations of data; 

wh e re : 

a) Records of events are the measurements which permit the 

study of the events. Records of events constitute an 

ess ential pa r t of the research. Indeed, very much time is 

generally used in the invention of techniques and devices 

with the purpose of making records which can serve as an 

index of the phenomenon being studied. 

b) Transfo rm ations of measurements are the acts of processing 

the recor ds of even ts. They are the calculations, the 

plo ttin g of records in a graph, the processing by a 

comp uter, etc .. Sometimes the records are so much 

trans formed that the results remain so far away from the 

e vents that the conn ection among the experimental data and 

the events is lost . 

c) Interpretations of data are the processes of analysis and 

synthesis of the experimental data such as the analysis of 

a graph and the synthesis represented by an average value 

computed from several numerical records. In short, 

interpretations are the final steps which enable to 

esta bli sh the knowledge claims (affirmations of knowledge) 

5 . The Knowledge Claims 

Knowled9e claims (affirmations of knowledge) are the 

answers to the telling (basic) questions; they are the 

• 
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conc1usions . 

A know1edge c1a im is a product of inquiry. An inquiring 

process includes eve nts, telling questions, concepts, 

methods, and techniq ues which are all involved in the pro cess 

of establishing kno wl edge claims. 

Usually, an in vestigation originates additional questions 

together with the answers to the initial questions. This is a 

characteristic of th e scientific investigation; that is, the 

characteristic that permits an evolution starting from the 

formulation of ne w problems . 

6. The Val ue Cl ai ms 

The value claims ( affirmations of value) refer to the 

significance, utili ty, importance of the following: 

a) The knowledge cl aims obtained at the end of the scientif ic 

investigation suc h as 11 the results of this research wil l 

help the economy of oil 11
; 

b) The scientific invest igation by itself. Some examples are 

the affirmation s about the utility of a certain method, 

the precision of a new technique of mea surement, the 

clarification of a concept, and/or the didatic value of an 

investigation as well as of an experi ment. 

The scientific inquiry and the consequent knowledge claims 

involve several pos sible value claims. When analysing and 

choosing these values, one may consider several patterns such 

as economic, political, educational, didactic, social, moral, 

aesthetic, technical , instrumental (for technological or 

scientific use), eth ical, and humanisti c. 
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The following are examples of value claims : 

Social value: "All the persons should kno w the results of 

this research: that smoking causes lung cancer". Aesthe tic 

value: "A nice demonstration ... A coherent and e legant 

mathematical proof". Didactic value: "This exp e r iment helped 

me to understand the electromagnetic theory". In strume ntal 

scientific value: "If is useful to develop the knowledg e 

level of this specific field of study". 

After al l , one always can ask about any scienti fic 

investigation, experiment, and knowledge claim , questio ns 

such as "What is the value of the investigati-on? Of th e 

experiment? Of the results? What is the instrumental value? 

What is the significance? What is the utility? Sig n i fi cance 

and utility to whom? What for? ... 

In summary, so far our analytic method consists of 

asking: 

1) What is the event (phenomenon)? 

2) What is the telling (basic) question? 

3) What are the key concepts? How are they struct ured in 

terms of definitions, logical relationships, equati o ns , 

principles and laws in order to forma theory? 

4) What is the method (expe r imental procedure) us ed wi th the 

purpose of answering the telling question, i . e ., wha t are 

the records of the events , the transformations of t he 

records and the interpretations of the data? 

5) What is the answer to the telling question abo ut the 

event? 

• 

• 
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6) What is the value of the answer and of the investigatio n? 

The answers to the six questions mentioned above will 

give you an initial idea of the structure of each laboratory 

experiment which you will perform and analys e during the 

course. 

Similarly to a labo ratory experiment, the analytic 

method also has its own structure whi ch we will describe 

next . 

Description of the Structure of the Analytic Me t hod 

We wil1 describe the structure of the analytic method 

with the help of the letter V (Vee) . The following figu re 

shows the structure of the analytic method represented by the 

letter Vee. 

CONCEPTUAL DOMAIN 

10 - Phi1osophy 

Th~ory : 

2 - Tel1ing 
Questions 

5 - Principles and laws 

4 - Conceptual Re1ation s 

3 - Key Concepts and 
Oefinitions 

1 - Events and 
Objects 

METHOOOLOGICAL OOMAIN 

11 - Value Claims 

9 • Kn~wledge Cl aims 

Experimental Procedure: 

8 - lnterpretations of Dat a 

7 - Transformations of 
Records 

6 - M•asurements {Records of 
Events ) 
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The events and objects which are bei ng observed are 

placed at the point of the Vee. Symbolicall y, the Vee points 

to the events and objects to indicate the sources af evidence 

of an investigation (experiment) . 

The left side of the Vee is the concep tual (theoretical) 

one composed of concepts, definitions, relat ionships among 

concepts, principles, and laws , which altoge ther form the 

theory. Still in this same left side there is the philosophy 

which, to simplify, one will just consideras being the 

system of values which originate the value claims. 

The left side determines which events, among the 

involved in the phenomena, will be investigated ; the 

conceptual side also guides the formulation of the telling 

(basic) questions. 

As soon as the events and the telling questions are 

determined, the conceptual domain guides the right side of 

the Vee (the methodological ar experimental domain ) in 

deci ding whi ch measurements ( records o f events) to mak e , how 

to make them, how to transform them, and how to interpret 

them in arder to establish the knowledge claims . The value 

claims are formulated based on the syste m of values 

(philosophy) placed in the conceptual doma in. 

If the results found in the methodologic al domai n do not 

agree with the content and foresights of th e conceptual 

domain, if necessary, the conceptual side will be always 

modified according to the new findings of the sc ientific 

investigation. Therefore, there is a constant interaction 

between the two sides of the Vee . Thus, the scientific 

• 

• 

• 
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knowledge is in constant revision : the theory is always 

orienting the experimental procedure and, by retri bution, the 

experimental observations, procedu res, and result s are 

reinforcing, revising and still also changing deep ly the 

conceptua1 system . This is the meani ng of the crossover lines 

which link the conceptual and meth odological sides of the 

Vee . 

Conc1usion 

In order to il1ustrate the ana1yt ic method intro duced in 

thi s instructional unit we will prese nt an examp1e of 

application of the ana1ytic method in the next uni t . 

We conclude emphasizing that : 

1) The answers to the "six questions " pro vi de information 

about what was investigated, about th e concep tua1 structure 

of the study, about ·the research me thods and about the 

knowledge and value c1aims; 

2) The 11 Vee", in addition, provides a map (overview ) sh owi ng 

how all these aspects of an investi gation are related with 

basic events that happen ed natura1ly or that were made 

happen during the experiment . The Vee he1p us to visualyze 

the conceptual domain, the event s, the tell ing (basic) 

q u e s t i o n s , a n d t h e me t h o d o 1 o g i c a 1 do ma i n . A 1. 1 t h e s e p a r t s 

interact and forma who1e: the stru cture of both the 

scientific investigation and knowledge . 

The 11 Six questions 11 and the 11 Vee" together wi1 1 

constitute the instruments for the crit ical analy sis of the 
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wor k which you will develop by performing the laboratory 

expe riments and te sts of this course. 

Main Bibliographic Reference 

"Educating" by D.B .Gowin. Book to be publish ed. Cornell 

University. Ith aca, New York. 1980. 

• 
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Ana1ytic Hethod for the Laboratory Expe ri me nts 
Second lnstructional Unit 

Examp1e of Application of the Analy tic Meth od 
To illustrate, we will apply t he a na ly t ic method 

to a simp1e and known exoeriment: "De termina tion of the 
e1astic characteristics of a spri ng" . 

In this experiment (see Figure at t he righ t) a 
s piral sp ri ng i s hung by one ext re mi ty and t he other is 
dis1ocated by the addition of known m

1 
ma sse s . where 

i • 1,2.3 • . •. To each weight w1 • m
1

g whi ch is added, 
the spring is stretched of x

1 
from t he un deformed 

position. 
In the space be1ow, sketch the st ru cture (the Vee) 

of this expe r iment . 

Concep t ual Domain Me t hodologica 1 Ooma i n 

Basi c Que s t i on(s): 

Th eory: 

Ev ent s and ObJects 

Expe r imenta 1 Procedu.r e : 

(Tu·r n the page only 
after cornpleti ng 
you r sk et c h) . 



COI:CE PTUAl OOIIA In 

lO - Phllosophy 

lhoory: 

S • '•lnclples aad laws 

c • Concoptuol lelatlons 

3 - ~•1 Concepts and 
Defini tlons 
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HHHO~OlOilTCAL OOI(A(ft 

11 • V1lue C1aias 

• tnowltd9R Clafa~ 

I - lnterpretl~lons of Data 

7 • Tr&n\fona~lon~ of 
hcords 

6 • llusureaen ts (Rtcorlf~ o , ... ,,, 
I • htnts ud 

Objects 

2 a) What is the relation bet~een 
x and m? - -

b) Is there an elastie limit? 

10 
What is its val ue? 

11 

a) The teehnologic application of 

researeh resul ts i t is useful. 
b) A laboratory experiment has a 

didactic value. 

5 

the 

Newton's laws of gravitation and of 
mechanics. Conservation (mass and 
energy) and superpositi~n principies. 

4 

mztmi; W•tmi9; F--W; X-tX,~ 
c 1 • 2. 3, .•. ; 

., ; 11 2 ; • 3 ; ••• ; 

It is 1ikely to exist some relation 
between x and ~ but it is still 
unknown. 

3 

Weight, force, restoring force, mass, 
acceler•tion, acceleration of gravity, 
displacement, elasticity, limit of 
elasticity, proportionality, vector, 
etc . • Coneepts from the theory of 
measurements and errors; from 9raphic 
construction and interpretation and 
from stati sti cs. 

Mas s es m i ( i a 1 , 2, 3, ..• ) 
hung in a spiral spring and 
producing displacements x1. 

a) Usoful for the eonstruct\on of 
dynamometers and shoek 
absorbers. 

b) Yery good txperiment to introduet 
the fi rst i deu from the theory 
of measure•ents and errors, 
proporti o na l ity, ttc., in 
physics laboratories. 

9 
a) From ~ to ! the relation btt~een 

.! and! is linear: 1·-kx •·•i. 
where k • .••• (a constan -t) N/•t: ... S. 

b) There is a li•tt of elasticfty 

8 

at the point ! for mg • ... H :t ... S: 
after !• the relation fs no 
longer constant beeause ! 
diminishes with the increase of 
weight. Beyond the point ~· the 
tlongation increases even though 
the ~eight is held constant. 

Graphic analysis and data 
f nterpretat 1 o ns. 

7 
Caleulation~ of average x1 , of 
percentual errors, and of 
w1 • • 1g; graph eonstruction and 
determination of the _!! constant'. 

!i 

Measurements of x1 after ~anging 
and after re•oving the m1. 

• 
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Analytic Method for the Laboratory Experiments 
Third Instructional Unit 

I- The results of the first laboratory test, concerning the 

first experiment (Simulated Electrostatic Field), were: 

~ of the scores Mean I Standard 
Question of 74 students Score Oeviation 

o 0.5 1.0 01 ffi cul ty and 
Item · Content Wrong (±) Correct Discri111ination Levels 

l.a Event 45 24 31 0.43 0.42 
difficu1t good 

l.b The term 63 14 23 0 . 30 0.41 
•simulatedM very difficu1t good 

2 Basic (Te11ing) 19 1 5 66 0.74 0.40 
question very easy good 

3.a Key concepts 9 65 26 0.58 0.28 
easy intermediate 

l.b Relationships 37 59 4 0.34 0.28 
among concepts very di ffi cu1 t interme. 

4.a Measurements 8 30 62 o. 77 0.33 
(Records o f events) very easy !JOOd 

4.b Transformations 1 5 35 50 0.68 o .36 
of measurements easy good 

4.c Interpretations 39 18 43 0.52 0.46 
of data i n te r me di a te good 

5 Knowledge çlaims 39 22 39 0.50 0.45 
i ntermedi ate ÇJOOd 

6 Va1ue c1a i ms 31 35 34 o. 51 o. 41 
intermediate good 

Total Mean: 5. 4. 

Standard Oeviation o f the Tota 1 Mean: 1. 9. 

R e 1 i ab i 1 i ty Coeffi ci ent o f the Test: o. 67 . 

Standard Errar of the Measurement: 1.1. 

II - Orientations for the next laboratory tests: 

a) To identify the event (occurrence which serves as source 

of evidence) it is useful to verify what is being measured 

because the measurements are "the records of the events ... 

This leads us to consid~r frequently how the measurements 
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are made, and how is the working system of the measurement 

instrument(s) and its (their) influence on the event(s) . 

b) 11 Are the lines of force perpendicular to the equipotential 

lines? 11 cannot be a basic (telling) question of the first 

lab because we deliberately drew the lines of force 

perpendicular to the equipotential ones based on 

information already known from the theory. To test this 

perpendicularism we would need another experiment to 

obtain separately the two families of lines for posterior 

confrontation. 

c) The relations among the key concepts are expressed by 

mea ns o f: 

- mathematical equations, for example: 

6V = -JÊ.di ; o r E1 = -dV/dl ; 

- definitions, for instance: 

R= V/i (electric resistor); or i = dq/dt (electric 
current); 

logical relations given by practical rules, for example: 

11 The tangent to a line of force at any point gives the 

direction of Ê at that point 11
; or 11 The magnitude of Ê is 

proportional to the number of lines of force per unit 

cross-sectional area 11
; or 11 A line of force is 

perpendicular to the equipotential surfaces (lines)" . 

All these formulas, expressions, and statements, are relating 

l<ey concepts (most fundamental concepts). 

d) Data are the 11 transformed records of events 11
• Interpretation 

of datais the final analysis (helped by components of 
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the theory ) that permits to get and formulate an 

affirmation of kno wledge (a nswer to a basi c question ); see 

the ·following illustration. 

Telling • • • • • • • • • 
(Basi c) questi on 

Theory 

Data 
• • • Knowledge 
~ (answer) 

- Interpreta ti ons 
of data 

claim 

e) A knowledge claim (a ffir mation of knowledge) is a specific 

a nswer to a telling (basic) question formulated at the 

beginning of the experiment. During the inquiry process, 

additional questions may come about with (or without) their 

corresponding answers . 

f) A value claim (affirmati on of value}- i-nvol ~s an evaluation, 

it requires a judgement about the ut ility, the importanc e, 

the quali ty, and/or the validity of a knowledg e claim ar 

of the ex periment as a whole. The value claim is not & 

simple repetition of a knowledge claim already expressed by 

other words . 
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CONCEPTUAL ANALYSIS OF 11 FORMATIVE EVALUATION 11 

1. Identifying the Concept 

T h e c o n c e p t : 11 F o rm a t i v e E v a 1 u a t i o n 11 
• 

The context: Introductory Phys ics Laboratory Course (at 

College). 

Our motivation in doing this ana lysis: to c1arify the 

concept mea ning of 11 Formative Eval uation 11
, to deal with the 

following tel1ing question: 

11 To what extent cana formative evaluation, 
discovering deficiencies and successes in the 
intermediate stages of an instructiona1 approach 
to introductory physics 1aboratory at co11ege, 
provide opportunity of feedback for teachers and 
students and a consequent better achievement? 11 

(Adapted from Michael Scriven, 1967). 

2. C1ear (Model) Cases 

Examp1e 1: Teacher se1f-rating (about his laboratory 
teaching) used in conjunction with students 
ratings (f~edback) as a mean of highlighting 
discrepancies for the individual instructor and 
as an aid to instructiona1 improvement. 
(Adapted from Centra , 1972, and from Tom & 
Cushman, 1975) . 

Example 2: The instructor and a group of about 8 students 
around a tab1e with all the materials of a 
physics experiment (already dane by everybody): 
the instructor selects one (ar more) specific 
instructional objective(s) of the experiment 
and designates a student to practically 
illustrate that objective(s); then each other 
student gives a grade (score) for the 
presentation and an average score is computed, 
infol'"med and, fina11y, a critical appraisal is 
deve1oped . (Adapted from Postlethwait, et al., 
1972). 

Example 3: A two students/group 1aboratory work is 
interrupted at the midd1e of a 3-hour class 
period, during 15 or 20 minutes, to deve1op 

• 
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some gene r a l discussion with (and among) 
all the about 30 students; Gowin•s rrunpacking" 
system (or five telling questions, or 
epistemological 11 V11

) is applied on the 
experiment to give the opportunity to everybody 
see 11 What it is really going on 11

• (Taken from 
Professor Gowin•s classes and adapted from M.A. 
Moreira•s thesis- 1977). 

Examp1e 4 : Several and frequent questions are included in 
a l ab-gui de (o r in a separa te sheet); the 
students give written answers that then are 
checked a ga inst a key (model) for self­
- correctio n and revise (reformulate) the 
i n c o r r e c t o n e s . ( T h i s i de i a c ame f r o m M i 1 1 ma n ' s 
Educ-352 course at Cornell and from one of the 
programmed instruction characteristics: active 
answers wi t h imediate self - correction). 

3. The Used Language 

Focusing on language we investigate attributes 

(characteristics exp1ained by indicating the causes) of the 

11 F o rm a ti v e E v a 1 u a ti o n " c o n c e p t . W e g o t a c h a r a c te r i z a t i o n o f 

what 
11

Shoul d be 11 a formati ve eval uati on ( FE) from Cronbach 

(1963) and Scriven (1967)•s artic1es: 

a) FE identifies aspects of the course where revision is 
de si r ab 1 e. 

b) FE is used to improve the course while it is sti11 fluid. 
c) FE contributes more to improvement of education than 

evaluation used to appraise a product already p1aced on 
the market. (Adapted from Cronbach•s 11 intrinsic 
eval uati on 11

). 

d) FE has the role of di scover defici e ncies and successes in 
the intermediate stage of a process . 

e) FE tests the work while it is being developed, produces 
revision, and provides feedback . 

f) FE is outcome evaluation of an intermediate stage in the 
development of the teaching instrument. 

g) ... , a major difficulty with evaluation involving 
intermediate goals, . . . , lies in the formulation of the 
goals .. . . How do we decide which should receive 
precedence? (From Michae1 Scriven, 1967). 

h) ... , there are several opportunities of sequential 
learning evaluation that can be explored, i .e . , situations 
where ability to learn new material presupposes the 
availability of the old one. (Adapted from Ausubel 1966•s 
article) . 
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We s el ec t ed some key words to help us t o indicate 

something cau sed by f ormative eva l uation ( to see its 

att ri butes). 

Fram the fa ur given ca ncrete examp l es: 

give an d receive answers 
give and receive grade (ar scare, a r rati ng ) 

compare 
use in conj unc t io n 
discus s 
observe discrep a ncies (differences) 
examine 
critici z e 

From the experts • language: 

interme diate 
interact 
r e v i se 
pro c e s s 
feedback 
sequence 

4. The Activitie s 

i denti fy 
discover 
tes t 
evaluate 
appra i se 

sel f-cor re ct 
r e v i se 
feedba ck · 
reform ul ate 
improve 

contribut e 
develo p 
i mprove 

Concerne d with th e 11 knaw-how 11 ( activit ies) we focus on 

what is reall y being dan e in our four model c ase s: 

- acti ve inte r action ( participatio n) with materials 
and pe ople; 

- p e o p 1 e e v a 1 u a t i ng a n d se 1 f- e v a 1 u a t i n g ; 
- comparin g (di s cuss ing , a pprais ing) differe nt 

eva1u atio ns (a ns wers) ; 
- revis ing (redo ing) afte r feed b ac k . 

5. ~ontrary Case ~ 

In arder to cla ri fy ( refine ) t he co n cept meaning , we 

• 
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pres ent two situations ( in our laboratory physi cs context) 

that are not examples of forma tive evaluations. 

Contrary Exampl e 1: A student receive back his fina l report 
on an experiment; corrected by the 
teacher, it has some checks in red ink, 
t h e r e i s no c r i ti c s , o r p r a i se , o r 
comments , or suggestions, but onl y a 
final grade (s core ). Nobody (i nstructo r 
and students) have time be cause it is 
t ime to do the next scheduled experi ment. 
( T a k e n f r o m t h e mo s t r e a 1 1 a b o rat o r y 
eval ua tion situa t ions). 

Contrary Example 2 : A teacher receives bad re sults in the 
stu dents' rat i ng on a quest ionnaire 
(or ga nized by the co llege administration) 
eva1 uating his 1aboratory course just 
fin ished. The instructor does not care 
bec ause he did nota se1f- rating on the 
s am e q u e s t i o n s , h e t h i n k s t'h e s tu de n t s do 
not have capacity to evaluate hi s course, 
and , anyway, he wi1 1 teach another course 
at th e ne xt term. (This idea carne through 
when doin g a pape r on the Cornell student 
rating form, to Mil 1man's Educ 519 
co u rs e) . 

From these counter -examples, we can see that formative 

evaluation i~! present whe n there is not: 

- discussion , communicat ion, share of meanin gs; 
- conversati on ("gi ve r easons, we igh ev idence, justify, 

exp1 ai n, con c1 ude, and so forth", adapte d f r om Green 
1971); 

- time to review ( redo); 
- care (inte rest, motivation, positive attitude to 

improve); 
- contrast with a s e1f - rat ing (se1f-evaluation ) producing 

some sort of impact ; 
- mutual trust between the people involved; 
- purpose (goa1 ) to be achieved; 
- responsabili ty. 

6. The Reasons for Doing 

Trying to infer the "know-why", that means to search the 

reasons why peopl e act in a way that contributes t o formative 
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evaluation, we did the following list: 

Action 

a ) Acti ve i nte r acti on (participation) . 
b ) Evaluating and self-eva luating. 
c ) Comparing different evaluation results. 
d) R e v i s in g ( r e do in g ) • 

Reason 

a) Interest on some value and, as a consequence, positive 
attitu de t hat resu lts in the activi ty. 

b ) To co11 ect ev al uative crite ria (standards ) for congr uent 
judgment*. 

c) To decide what modif ication are needed*. 
d) To implement (i mprove, develop) in arder t o achieve t he 

goa l( s) determined by the va l ue(s) . 

* S ta te d i n i de a 1 i s ti c te rms . 

7. Concept Map of Formative Evaluation 

Value(s) 11 
J i In di vi dua 1 I Summati ve 

Group C-oal (s) !z Evaluation 
Society l 

~ 

31 Curri culum I (Lab Content) 
12 

4 I I Revi si on lnstructional Activities: Final Out -put 
to I-- S tudent s- Ins t ructor-1-'.a te ri a 1 s J (After Re vision ) 

Improve In te racti ons 
_f 

11 Sa 
General ~ /{ Self- I Evaluation Evaluation 

6 Compari sons 
Recycl inCJ Oiscussi ons 

10 C!literi a 
Judgment 
Di'!>crepanci es 

8 
i 9 Out-put 

4 Feedback 1 Tirre without 

Yes 7 No 
FE 

FORMATIVE 
EVAL UATION (a cycle) 
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Ob serving the con ce ptual map we can se e some essential 

parts: 

a ) the values and consequent goal s tha t supp ly the i nd ividual, 
or the group, or the society, with motivation to a 
positive attitude reflected in cooperative acti vity; 

b) the curriculum content and th e inst ructional approac h th at 
must be offered according wit h (a) above; 

c) the confrontati on between the ge nera l eval uation and the 
self-evaluation, with its results ; 

d) the time as a te rr ible constrai nt di minishing the 
possibility of recycling; 

e) the opportunity to do again o nly spe cific activities with 
the purpose of improvemen t. 

8 . Conclusion 

To reduce vagueness we coul d remov e each key word from 

our concept map, having in mind the cou nter-examples and the 

characteristics that are not pres ent wh en we do not have a 

formative evaluation (see section 5 , please). For instance , 

wit hout time to review , or withou t interest and pur pos e to be 

achieved, there is not formativ e evalu ation, and so o n . 

The use of inventive cases , by removing key words, could 

criat e in our imagin at ion an anxi o us wor ld wit hout place to 

mistakes - and we also learn thro ugh mistakes .. . 

Our analysis and the conse quent meaning of for mati ve 

e va luation seem passive of use in othe r contexts (dif fere nt 

fro m an i ntroductory physi cs 1 aboratory cours e). 
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THE LABORATORY GUIDES 

I ns titute of Physics, UFRGS 
Physics li - 1980 

Laboratory Experiment I 

----------- --- - --. 

EXPE RIMENTAL STUDY OF A SIMULATED ELECTROSTATIC FIE LD 

I. In troduct ion 

In this first experimen t you will have opportunit y to 

st udy, in pr acti ce, electric fields, electric potentia l 

differences , li nes of force, and eq uipo te ntial lines. 

II. Theoretica l Background 

The elect ro static fiel d, as we have se en before, may be 

described not onl y by a vec tor, the electric field inte nsity 

vector Ê, but als o by a scal a r function, the scal ar el ectric 

pote nt i al V. In addition, this field may be also descr ibed 

graphically or visualized throug h lines of force. These are 

three different ways of descri bing the same thing and, as 

such, one can expect that they are related. Indeed, this 

relationship exists and can be summarized as follows: 

The tangen t to a line of force at any point gives the 
direction of th e electric field vect or t at that point. The 
lines of for ce are drawn so that the number of lines per unit 
cross-sectional area is propor tional to the magnitude of Ê. 

If Ê is known in every po int of the field, the poten t ial 
difference between any two points, o r the potential at an 
arbitrary point , may be calculated through the equation 

B 
V B - V A = -f Ê . di 

A 
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Ê 
Reciprocally, if V is known throughoMt a certain region, 

may be calculated through the equation E= -grad V. From 
this equation we infer that if we travel through an electric 
field alonga straight line and measure V as we go, the rate 
of change of V with distance that we observe, when changed 
in sign, is the component of t in that direction. The minus 
sign implies that Ê points in the direction of decreasing V. 

Th~ lines of force and, consequently, the electric field 
vector E, are perpendicular to the equipotential surfaces of 
the electric field. 

These relationships provide the theoretical background 

necessary to the kind of experimental study of an 

electrostatic field to be dane in this experiment: if the 

potenti al coul d be measured in a 1 arge number of pai nts of 

an electric field, we could connect the points of same 

potential to obtain equipotential surfaces. Having these 

equipotential surfaces it would be possible to draw lines of 

force (perpendicular to the surfaces) and obtain the direction 

of the electric field. Ê would point in the direction of 

decreasing V and the density of lines of force would give 

information about the magnitude of this vector. Thus, we 

could, in principle, study in detail electrostatic fields due 

to arbitrary distributions of charge, e.g., the field of a 

dipole, the field of a capacitor,or the field of a charged 

body of arbitrary shape . 

III. Considerations of Practical Nature 

In arder to carry out the above outlined experiment, we 

immediately face a practical problem: the instruments of 

measurement (the voltmeter in this case) measure potential 

differences and not the potential ata certain point. In 

addition, these instruments work only when connected to an 
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electric circuit through which an electric current passes. 

Tbey measure the potential difference through the equation 

V= IR. However, if the field is static there is no motion of 

charges in such a field and, consequently, there is no 

electric current. 

A way of overcoming this difficulty is to simulate an 

electrostatic field. This simulation can be achieved by 

placing the extremities of two charged rods in a fine layer 

ro~ ::!~_: _____ ~~· wa~r 
of chemically treated water 

(water from the faucet). An 

electric field will be 

established in the region surrounding the rods, however as 

the water layer will contain íons that will move under the 

action of this field, an electric current will be originated 

in the water. This current will be extremely weak but large 

enough to allow the use of a sensitive voltmeter to measure 

potential difference in the established field (which will be 

only slightly affected by the current). With these measures, 

equipotential lines, which will allow the drawing of lines of 

force and provide information about the field vector, might 

be determined. Attaching conductors of certain size and shape 

to the extremities of the rod that are inside the water, 

different field configurations can be simulated and 

experimentally studied. 

IV. Procedure 

1. The following equipment is available to you: a small 
electrolytic tank, a multimeter, electrodes, a DC power 
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supp1y, connecti ng wi res, and conductors of various shapes 
and sizes. Draw a scheme showing how you will use this 
equiprilent to measure potential differences inside the 
1 i qui d 1 ay e r . 
Drawing: 

2. Connect the equipment according to the above scheme and 
ask the teacher or a proctor to check the connections 
before turning the power on. 

3 . Determine several different points with the same potential 
and draw on graph paper the corresponding equipotentia1 
1ine. Using this method draw severa1 equipotential lines 
and some lines of force. If you did not attach any 
conductor to the extremities of the electrodes, they 
p1ayed the role of point charges and what you have 
represented graphically is the field of an electric dipole. 
For a dipole, determine several points with a same 
potentia1 and drawn the corresponding equipotential lines 
on a milimetrical paper . Using this method , draw several 
equipotentia1 1ines and some lines of force to obtain an 
electric fie1d configuration of a dipole. The lines of 
force do not cross. Why? 
Answer: 

4. To represent graphically a uniform field, repeat the 
previous procedure attaching two parallel metallic plane 
plates to the extremities of the electrodes. What to you 
observe concerning the equipotential lines and the lines 
of force in the region between the plates? 
Answer: 

5. Place a metal1ic cy1indrical tube between the parallel 
p1 ates. Repeat the previous procedure. What do you observe 
concerning the potential inside the cylinder? Why? 
Answer: 

6. Draw th e 1 ines o f force due other conductors wi th 
di fferent shape. 
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V. Report 

As final report of this laboratory experiment, 

a) you must show your answers to the questions of the items 

IV.3 to IV.5; 

b) the group must show the electric field graphic 

representations (on milimetrical paper) required in the 

i tems I V. 3 to I V. 6 . 

Laboratory Experiment II 

LINEAR ANO NONLINEAR RESISTORS (OHM'S LAW) 

I. lntroduction 

In this experiment you will be verifying experimentally 

if a conductor follows or not the Ohm's Law; you will be 

measuring resistances, currents, potential differences and 

not onl_y making calculations involving these physics entities . 

You will also have an additional opportunity of getting 

acquainted with measurement instruments, electric circuits, 

electric components, and experimental procedures, which will 

help you in the future (in practice) and which surely will be 

worthwhile to you in the comprehension of concepts . 

11. Theoretical Background 

You already saw that when an isolated conductor is 

placed in an external electric field, an electric polarization 

occurs (accumulation of positive electric charges at one side 

• 
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and negative ones at the other) in a way that the external 

field is cancelled completely by the field induced in the 

internal region of the conductor . This means that inside a 

conductor in equilibrium the resulting electric field is 

null. It follows that the electric field on the surface o f a 

conductor in equil i brium is always normal (perpendicular) to 

the surface and that all excess of charges is located on the 

surface (not necessarily in an uniform way). 

Otherwise, when the conductor is under the action of an 

electric field and , at the same time, it also belongs to a 

closed circuit, the establishment of an electric current 

(instead of polarization) is the resulting effect. In this 

case, there is not electrostatic equilibrium and the field 

inside the conductor is not null, no more worthing the 

anterior affirmations concerning an isolated conductor . In 

the case of a metallic conductor, the free (conduction) 

electrons are accelerated by the field but, due to the 

successive collisions with the íons of the crystalline 

structure of the metal , they adquire a nearly constant speed 

named drift speed . This flux of electrons dislocating through 

the conductor (wi th the dri ft speed) i t i s the electri c 

current. 

If the conductor is subject to an electric field Ê, this 

means that there is an electric potential difference V 

between any two points of the conductor. The relation between 

the potential difference V and the electric current I 

established in the conductor is V = RI, where R= VII is 
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named (defined) as electric resistance of a conduc tor. To 

some conductors, when the temperature is mantained constant, 

the relation V/l is also constant; in this case , o ne says 

that these conductors follow the Ohm•s Law. Resist ors 

constructed with materials which obey the Ohm•s Law are 

named linear resistors. 

If the relation V/I = R is constant, the V vs . I graph 

will show a s trai ght line with angular coef ficient tha t it is 

e q u a 1 to R . T h e n , o n e c a n de te rm i n e i f a g i v e n r e s i s to r i s o r 

is not linear by taking several measurements of V and the 

corresponding I (at constant temperature) and sketc hing a V 

vs. I graph. This will be done through this exper iment , i .e., 

the linearity (or not) of several resistors will be ana lysed 

through V vs . I graphs under the condition of cond uctors at 

constant temperature. 

III. Considerations of Practical Nature 

In order to take several measurements of V and I for a 

given resisto r, one needs a dispositive capable of fur nishing 

an adj ustab le el ectri c potenti al di fference and one al so 

needs instrumen t s to measure V and I, i.e., a voltmeter and 

an ampermeter. It would be possible to connect the fo llowing 

circuit: 
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~ Electri c Source 

+ 

Black Terminal~ ~ Black TeMminal 
~~~~~~~~~~~~ 

Res i stor·---.~ ~ ~ Potentiometer 

~ "-Adjustable (Red) Terminal 

Ampenneter 

In this circuit, by varying the position of the 

adjustable terminal of the potentiometer one can vary the 

electric potential difference applied on the resistor R which 

can be measured by the voltmeter. With the ampermeter one can 

measure the corresponding electric current. However, in this 

circuit the ampermeter is actually indicating the current 

that flows through the resistor R plus the current that flows 

through the voltmeter. Another possibility would be to make 

the following connection: 

In this case, the ampermeter will only 
R 

indicate the current through the 

resistor but the voltmeter will indicate 

th~ electric tension applied on both the 

resistor and the ampermeter. Vou must 

choose the best one from the two possible circuit 

connections; in any case, however, never connect the 

ampermeter in parallel with the electric source. 

The use of the potentiometer permits measurements of V 

L..__ ______________ ________ _____ _ 
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a~d I that are not directly af f ected by the internal 

resistance of the electric source, which, as a consequence, 

is not considered. 

Another problem is the control of temperature. Actually, 

there is no conditions of controlling the temperature but , 

otherwise, the temperature coefficient of r esistivity of some 

resistors is so small that the linearity may be observed 

even if the t emperature va ry. In othe r cases, however, the 

temperature has an important role and you will have 

opportunity to observe it . 

Vou will receive the necessary equipment to study the 

linearity, or nonlinearity, of several resistors. Vou will 

receive four resistors: a common resistor, a light bulb, a 

LDR (light dependent resistor) and a NTC (negative 

temperature coefficient) . 

IV. Procedure 

1. Vou must connect the appropriate circuit , perform the 

measurements, register them in tables, and sketck I in 

function of V graphs . From the graphs you must conclude 

about the linearity or nonlinearity of the given resistors 

and calculate the resistance R when they are linear. Try 

to understand what you a re doing, the phenomena, the key 

concepts involved, and the questions being investigated. 

If necessary, get help from your teacher or instructor . 

2. Using the connected circuit, perform lO pairs of 

measurements for the common resistor. Complete the table 
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and sketch a I vs. V graph . Does the common resisto r follow 

the Ohm•s Law? Why? 

Common Resi stor 

Scales: Voltmeter, 25 V; 
Ampermeter , 2 . 5 mA . 

I v R = V /I 
N 1 o- 3 A Volt KQ 

1 
t--

2 

3 

4 

5 

6 

7 

8 

9 

1 o 

Raverage = 

I (mA) 

v 
(Volt) 

3 . Compare the numerical value obtained for Raverag e wi th the 

value measured directly in the ohmmeter. Vou wil l probably 

find two different values and , even more, if you rea d the 

value written on the resistor you may find a third one . 

Analyse the differences among the resistance val ue s with 

your colleagues. In which value do you trust mo r e? Wh y? 

4 . Put the voltage down to zero and replace the co mm on 

resistor by the light bulb . Change the voltmete r sc a le to 

5 V and the ampermeter scale to 250 mA. Perform 10 pai r s 

of measurements for the light bulb, complete t h e t ab le, 
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and sketch the graph. Does the light bul b follow the Ohm's 

Law? Why? 

Light Bulb 

Scales : Voltmeter, 5 V; 
Ampermeter, 250 mA . 

Maximum Voltage: 6.3 Volts . 

I v 
N 

10- 3 A Volt 

1 

2 

3 

4 

5 

6 

7 

8 

9 
1-· 

1 o 

I (mA) 

v 
(Volt) 

5. Replace the light bulb, first by a NTC resistor , an d later 

by a LDR resistor. Report your observatio ns and conclusions 

concerning the possible prac tical uses of these two 

resistors. (You must have special care when using the NTC 

resistor to evitate damage of the ampermete r because, 

above a certain temperature . the electric current 

increases very quickly). 

V. Report 

As final report of this laboratory expe riment, the group 

of students must show the tables, the graphs , and the answers 

.. 

.. 
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asked in the items 2 to 5 of th e expe r imen tal procedure. 

Laboratory Experiment 111 

RESISTOR ANO CAPACITO R IN SERIES CIRCUIT 

I . I n t r o d u c ti o n 

In this experiment yo u wi ll work with a RC circuit of 

di rect electri c current th rou gh whi ch you will analyse 

experimentally the processe s of charge and discharge with 

time of the electric poten ti a1 di fferences across the 

capacitor; you will also determinate the capacitative time 

constant RC of the circuit . 

I I. Theoreti cal Background 

1. The RC circuits are t he one s which in addition to electric 

sou r ces and resisto r s also ha ve capaci to rs. The theoretical 

analysis of the serie s RC ci r cuit is made in the textbook 

(Physics, Halliday & Resnic k) . In summary, both the charge 

and the discharge processes of a capacitar with the time 

are exponential proces ses obeying the f ollowing equations: 

R 
lc r 



Charge: 

v 
t 

o. 63 € 

o 
v 
€ 

o. 37 € 

o 

v 
RC 

l~ 
RC 

t 

t 
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ar V = S = e(l - e-t/RC) c 

Di s.ctrarge: q = c~( e -t/RC), o r V = t = e (e -t/RC) 

Th-is ·means that, if eis the maximum tension (the 

electromotive force of the source) to which the capacitar 

will be subjected, the electric potential difference across 

the capacitar does not achieve instantaneously the value e; 

this ele·ctric potential difference increases exponentially 

and- it only achieves the maximum value e after a certain time 

(infinite, according to theory). Otherwise, if there is an 

initial tension E between the plates of the capacitar which 

then initiates a discharging. process through an electric 

resistance R, this tension does not fall instantaneously to 

zero but it falls exponentially with the time. Only after a 

certain time (infinite, according to theory) the electric 

potential difference across the capacitar will achieve a ze r o 

volts value. 

• 

.. 
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2. The capacitative time constant RC has the dimensions of 

time since the exponent of e-t/RC must be dimensionless . 

Concerning RC, note the following: 

Ohm X Farad = Vol_!_ x Co ulomb Coulomb d 
Amper --vort- = Cõulomb/sec = secon · 

In the charging process, the RC constant is the time 

that the capacitar needs to achieve 63% of its maximum charge 

(or voltage). See the anterio r figures and the following: 

V= E:(l - e - t/RC); when t = RC: 

V = E: (1 - e- 1 ) 0.37) = 0 . 63 E: 

In the discharging pr ocess , RC is the time that the 

capacitar needs to achieve 37% of its initia1 charge (or 

voltage). See the anterior figures and the following: 

when t = RC ; v = E: 
- 1 e = 0,37 E: • 

This permits to understand why a capacita r discharges 

almost ínstantaneous1y when its terminals are put in direct 

contact, i.e . , in 11 Short ci r cuit 11
: the resistance R of the 

product RC is very smal1 and the capacitative time constant 

of the circuit is approximate1ly zero . 

3. These theoretíca1 considerations suggest that if one makes 

a 11 q v s . t 11 o r a 11 V v s . t " g r a p,h , o n e ma y to de te r m i n e 

experimental1y the time constant RC of a circuit by 

interpolating in the graph the value corresponding to 63 % 

of maximum charge (or vo1tage) in the charging process or , 
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by another way, th e value corresponding to 37% of the 

init:ial charge (o r vol tage) i .n the discharging process. 

Exactly this will be done in this experiment. 

e - t/RC 4 . The equation of t he di scharging process is V= E • 

R 

Th e V vs . t graph V 

s hows an exponential 

curve 0.37 

However, if one sket ches a mono-logarithmic graph the 

result will be a strai ght line because: 

(log 10 e = 0.434); 

then, 0.434 
= 1 og 1 o E - RC t 

This is an equat ion of a straight 1ine y = a+ bx where: 

a is the value of y f or·x = O, and b = ~* is the angular 

c o e f f i c i e n t , w i t h * b e i ·n g t h e de c 1 i v i t y o f t h e 1 i n e . I n t h e 

case, 

e 

where 1 and 2 are two convenient points of the straight 1ine 

which permit to dete rmine easily and precisely the declivity 

• 

.. 

• 
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of the line and the time constant RC because ~ = 

log e: 
log v1 
log v2 

log V 

,._ ___ ......_~--

0 t, t 2 t 

I I I . Co n si de r a ti o n s o f P r a ct i c a 1 Na tu r e 

A convenient circuit to study the charge and discharge 

processes of a capacitar is the following: 

In this circuit~ when the switch es L1 and L
2 

are closed 

as in the figure, the voltmeter indicates the source tension 

e: • 

When the L2 switch is opened, the capacitar begins to 

discharge through the internal resist ance R of the voltmeter . 

Then, at each instant~ the voltmeter i ndicates the tension 

e: -V~ where e: is the source electromo t i ve force and V i s the 

tension across the capacitar plates. 

Inverting the positions of the two switches indicated in 

the figure~ the capacitar charges itself almost 

instantaneously because i t s terminals are directly connected 
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to the source. 

Opening the L2 switch, the capacitar discharges through 

the internal resistance R of the voltmeter; then, the 

voltmeter indicates directly, at each instant, the value of V 

(the tension across the capacitar plates). 

To determine the internal resistance R of the voltmeter, 

you must multiply the value specified by the manufacturer on 

the voltmeter dial (50 Kn/V D.C.) by the value indicated by 

the selector, such as 25 V D.C .. In this case, 

50 Kn 
R = V D.C. x 25 V D.C. = 1250 Kn 

IV. Experimental Procedure 

1. Vou will receive a pre-connected RC circuit, an electric 

DC-source, a voltmeter, a chronometer, a mi·1imetric paper, 

and a mono-logarithmic paper. 

Vou will make 10 measurements of V and t (the e1ectric 

potentia1 difference across the capacitar and the 

corresponding time), both for the charge and the discharge 

pro cesses. 

2. Charge~ 

With the vo1tmeter selector in the 25 V D.C. position, and 

the L1 and L2 switches in the positions indicated in the 

anterior figure, adjust the source tension to e: =15 V D.C .. 

~ Open the L2 switch and make 

--ee-.,. l2 10 measurements of e:- V and 
T 

.. 
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of the correspond ing times. Complete the tabl e and sketch a 

V vs. t graph in a milimetric paper. 

N V( volts) t(sec) N V( volts) t(se c ) 

1 6 
2 7 

3 8 

4 9 

5 10 

3. Discha·rg·e: 

Invert the posit ions of the two switches (to the positions 

indicated in the figure below). 

In this position , the capacitor charges itself almost 

instantaneously bec ause its termin als are directly connected 

to the source. • •-t; L 2 

Opening the L2 switc h, the capacitor discha rges through 

the voltmeter which in dicates directly the tension V across 

the capacitor. In th e discharg e process, inve rt the wired 

connectors of the vol tme ter because the curren t flo ws in an 

opposite direction . 

Perform 10 measu rements of V at different moments, complete 

the table, and sket ch a V vs. t graph of the discharge process 

.------ - --
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on a milimetric paper. 

N V( volts) t(sec) N V( volts) t ( s ec) 

1 6 
- · 

2 7 

3 8 

4 9 

5 10 

4. From the two graphs, determine th e val ues of the 

capacitative time constant RC of the ci r cuit . 

An swe rs: 

RC = 

RC = 

in t he ch ar ge ; 

i n the di s ch ar ge . 

5. Multiply the internal resistance R of the voltmeter by the 

capacitance C indicated on the c apacitar by the 

manufacturer . 

Answer: 

RC = 

Compare the obtained product with the values which you got 

in the item 4 . 

6 . a) With the measurements of V and t fo r the discharge 

process which you already ma de in t he it em 3, sketch a 

graph of 

log 10 V 0 . 434 
= loglO E: - RC t 

'I 
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on a mono - logarithmic paper. 

b) Determine the declivity of the straight line and obtain 

the time constant RC of the discharge; compare the 

result with anterior values which you already got. 

V. Report 

As a final report , the group must show the tables, graphs, 

and answers asked in the items 2 to 6 . 
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Laboratory Experiment IV 

EXPERIMENTS OF MAGNETISM (PROJECTION OF EALING FILM-LOOPSJ 

Having the Epistemologica1 Vee as a framework, the 

following Ealing** film-1oops (si1 en t 8 mm films with notes 

by Dr . R.B . Adler, MIT) were project e d and ana1ysed: 

L ibrary of Time E a 1 i ng Film Ea1 i ng Ti tt1e Congress Dura t i on No. 

* 

** 

Card No. 

I 11 The Magnetic Field 11
• 

3 mi n. 80-4062 71 - 703703 
E1ectromagnetism 1. 

II 11 The Fi e1 d from a 3 min . 
Steady Current 11

• 
80-4088 75 - 703562 

20 sec . 
E1ectromagnetism 3. 

I 

I I I 11 Fie1d : The Force on 3 min . 
80-4138 70- 703566 

a Current11
• 40 sec . 

E1ectromagnetism 8. 

IV 11 Fie1d vs. Current". 3 mi n. 
80- 4112 79 - 703563 

E1ectromagnetism 6. 35 se c. 

v "Fi e 1 d vs . Distance" . 3 min . 
80-4120 76 - 703565 

E1ectromagnetism 7. 40 sec . 

vr* "The Fi e 1 d as a Vecto r ". 2 mi n. 80-4104 75 - 703564 
E1ectromagnetism 5. 35 sec . 

The projection of the film VI was necessary for the 
understanding of some 1aboratory techniques used in the 
fi1ms IV and V. 

The Ea1ing Corporation 
Ea1ing Fi1m-1oops 
Massachusetts Institute of Tech no1 ogy 
Cambridge, Massashuse t ts , 02140 

I 

• 
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Laboratory Experiment V 

ELECTROMAGNETIC INDUCTION 

I . Introdu c ti o n 

Thi s 1 aboratory experiment will i 11 ustrate experimentally 

the theoretical classes about electromagnetic induction that 

you have received. 

In this experiment you will work with a galvanometer 

which is a very sensible electric instrument. For this 

reason, you must take care: do not produce induced currents 

that may damage the galvanometer; mainly when iron cores are 

present, do not prp duce great changes of magnetic flux. Never 

connect the galvanometer directly to the electric source. 

In the next pages you will find the theoretical 

background of the experiment, some considerations of 

practi cal nature, and a suggested experimental procedure . 

II. Theoreti cal Background 

The theoretical ground of this experiment is basically 

contained in two of the Maxwell's Equations: 

fÊ. dl 
d<P B d [N{B. dS] E: = = - at = at Faraday-Lenz's Law 

-+ -+ (; d<PE) fB. d l ~ + e: at o o 
Ampere-Maxwell's Law 

The Faraday-Lenz's Law is particularly important for 

this experiment. This law says that the induced electromotive 
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for c e E (em f E) in a ci r cuit is equal to th e ne gativ e r ate at 

which the magnet i c flux t hrough the circuit is changing . The 

induced cur re nt I. =E /R (where Ris the electric re s istance 
1 

of the circ uit) ap pears in such a direction that it opposes 

the change th a t produ ced it; the minu s sign i n the Fa r aday -

- Len z 's .Law s ugges ts thi s opposition. 

Thi s mean s t hat, fo r i nstance, if one connects a coil to a 

galvanomet er and one cha nges the magnetic flux which crosses 

th e coil, th e gal vanomet er will indicate an electric current 

induced in t he coil. Th i s induced electric cu r rent results 

from the emf E ( i n othe r words, from the electric fi e ld) that 

is induced i n th e coil. In addition, the directi o n of this 
• 

i nduced curren t wi ll be such that it will produce a magnetic 

field that op po s es the change of flux that produced it. 

There a r e s e veral possible ways of producing a change in 

the total mag ne ti c f lux which cresses a certain coil with N 

tu r ns. The magne t i c flu x in each turn is defined as 

<P 8 = fs .cts the n, if one changes the induc t ive magnetic 

field B, or t he an gula r position of the coil relativ e t o B, 
or the tota l are a of th e coil imersed in a certain B, or the 

number of t ur ns of the coil, one will prod uce a chan ge in the 

total induct iv e magneti c flux that will originate an induced 

current in t he coi 1. 

The int r odu cti on of iron cores in the coils increases 

the intensity of th e ma gnetic fields and, consequently, also 

inc r eases the i nt ensity of the induced currents. 

• 
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III. Consi dera t i ons of Practical Nature 

At fi rst, to study experimentally the electric current 

i nduced in a coil, it is sufficient to have a magnet anda 

coil conne ct ed to a galvanometer. 

Galvanometer Coil 
~ N Magnet si 

Th e inductiv e magnetic field may also be produced by 

another coil car ry i ng an electric current; this is illustrated 

in th e next fi gure . 

Galvanometer 

Inductive 
Coil 

. I I I I f 

I I I I I 1 

r-------., 
1----~ ·; )1-: 

Switch 1 ~ 1 
I E I 

.L o : 

-• r 1 L _______ _j 

E1ectri c Source 
{Use E ~ 10 Volts) 

o 

With t his e xperimental device you can study the induced 

el e ctr ic cu rren t in function of the relative motion between 

the coils , t he velocity of this motion, the relative 

positions betwee n the coils by putting them in several 

po s itions when clos i ng and opening the switch; in function of 

the i ntens ity of th e inductive magnetic field, the distance 

be twe en the coils, t he relative angular position of the 
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coils, the number of turns (each coil has a center tape which 

divides the number of turns to N/2); you al so can study the 

effect of the introduction of iron core in one or in both 

coils (taking care with the very sensible galvanometer). 

I V. Procedure 

1. Determine the relation between the direction of the 

galvanometer deflection and the di r ection of the current 

which it indicates; for this, connect the galvanometer in 

ser i es with the electric source and with a resistance of 

high value (20 Kn ) to protect the galvanometer. Do not 

connect the galvanometer directly to the source without 

the protective resistance. 

The direction of the current provided by the source is 

know, therefore you may easily determine that relation 

between the deflection and the current. 

2. Using a magnet anda coil connected to the galvanometer 

( as shown in the first figure before) , analyse 

qualitatively the several pointed aspects of the 

electromagnetic induction . Check if your observations and 

analyses agree with the theory given by the Faraday-Lenz's 

Law. 

3 . Replace the magnet by the inductive coil connected to the 

electric source (as shown in the second figure before) and 

repeat the analyses asked in the item 2. 

4. Measure the induced current I. and the corresponding 
1 

dis tance d between the coils . Sketch a I; vs. d graph. 

• 



.. 

• 

.. 

226 

5. Introduce iron core(s) in the coil(s) and repeat thE' 

procedure asked in the item 4. Take care with the sensible 

gal vanometer. 

6. Compare the two graphs and infer the mathematical relation 

between I . and d in both cases (with o r without i ron 
1 

core) . 

V. Report 

At the end of this experiment, the students must show to 

and discuss with the teacher their observations, notes, 

analyses, graphs, and conclusions asked in the items 2 to 6 

of the experimental procedure . 
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A VEE FOR THE EXPERIMENT L1 
EXPERIMENTAL STUDY OF A SIMULATED ELECTROSTATIC FIELD 

TELLING (BASIC) QUESTION: 
How are some e1ectrostatic field configurations due to arbitrary 
distributions of charges? 
What are some of the knowledge claims that may be established 
by analysing these configurations? 

PHILOSOPHY: 
Scientific knowledge about 
nature lies in observation 
and experiment based on 
theories that organize our 
facts, reasoning, deepening 
our understanding. 
THEORY: 
Theory of the electrostatic 
field. 
PRINCIPLES & CONCEPTUAL 
SYSTEMS: 
1. Re1ations among intensity 
and direction of the 
e1ectrostatic field vector, 
the equipotentia1 lines, 
and the lines of force. 
2. Mathematical relations 
and operations (gradient, 
integral, tangent, etc.) 
KEY CONCEPTS: 
Electric field; e1ectric 
potentia1 difference; 
electric (ionic) current; 
electric resistance; 
equipotential lines; lines 
of force; vector (intensity 
and direction). 

EVENTS: 

>­
c( 
..J 
0.. 
a:: 
UJ 
f­
z: 

VALUE CLAIMS: 
1. In physics there is an interdependence 
between theory and experimentation, so that 

· we can: 1 2. Identify the points of large and small 
intensity of an electrostatic field from 
its lines of force . 
3. Determine the direction of an electric 
field from its equipotential lines. 
KNOWLEDGE CLAIMS: 
Several different electrostatic field 
configurations were obtained. 
By using the theoretical background and 
ana1ysing these configurations, some 
conc1usions may be estab1ished: 
1. The 1ines of force do not cross. 
2. The e1ectric potential inside a metallic 
cy1inder is constant and, consequently, the 
electrostatic field is zero. 
3. The electric field vector is perpendicular 
to meta11ic (equipotentia1) surfaces. 
4. The magnitude of an electrostatic fie1d is 
constant between two para11e1 metal1ic plane 
plates. 
INTERPRETATIONS OF DATA: 
1. Obtaining the direction of the e1ectric 
fie1d vector (from the transformations 1 & 2). 
2. Obtaining the intensity of the electric 
fie1d vector (through the lines of force). 
TRANSFORMATIONS: 
1 . Drawi ng e qui potent i a 1 1 ines. 
2. Drawing 1ines of force (perpendicular to 
the equipotential lines). 
MEASUREMENTS: 
Measurements of e lectric potentia1 differences 
in the fine layer of water. 

Electric power supp1y producing 
weak ionic currents in a tank 
with a fine layer of water. 

• 

• 

, 
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A CONCEPTUAL MAP FOR THE EXPERIMENT L1 

EXPERIMENTAL STUDY OF A SIMULATED ELECTROSTATIC FIELD 

Electrostatic Field 

may be described by: 

v ~ 1. The Electric Field 3. The Lines 
In tens i ty Vecto,. t of Force 

2. The Scalar Electric 
Potential V 

Equi potenti al 
Surfaces (Lines) 

Electric Potential 
Di ffe rences 6. V 

6.V measured by the vo 1 tmete r 

l Ioni c Current I • ~ l 
RELATIONSHIPS: 

The tangent to a line of force at any point gives the 
direction of the electric field vector t at that point. 
The lines of force are drawn so that the number of lines 
per unit cros1-sectional area is proportional to the 
magnitude of r. 
If Ê is known in every point of the ffeld, the potentíal 
difference between any two points, or the potential at 
an arbitrary point, may be calculated through the equation 

B 
V8 - VA = -JA Ê.dt 

Reciprocally, if V ís known throughout a ~ertain region, 
t may be calculated through the equation E a- grad V. 
From this equation we infer that if we travel through an 
eleçtric field along a straight line and measure V as we 
go, : the rate o f change o f V wi th di stance that we 
observe, when changed in sign, is the compon~nt of t in 
that direction. The minus sign implies that E points in 
the direction of decreasing V. 

R123 :The lines of force and, consequently, the electric field 
vector E, are perpendicular to the equipotential surfaces 
( lines, in two-dimensional fields ) of the electric field. 
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RATIONALE FOR THE CLINICAL INTERVIEWS 

Goal and Roles of the Interviews 

With the interviews, our goal was to get additional 

information to answer the research questions I and li 

(specified in Section III-1) through a formative evaluation 

process that we assume the interview it is. 

In other words, through the interviews we aimed: 

1. To detect the student•s individual level and growth in the 

achievement and use of the Vee (Gowin, 1981) as a framework 

for the 1 aboratory work; 

2. To get information about students• feelings related with 

their laboratory activities; 

3. To search for students' reasons (explanations) for their 

conceptions as well as misconceptions; 

4. To observe when and how shifts occur in students• patterns 

of thinking; 

5. To look for regularities of events pointed in 2, 3 and 4 

ab ave. 

The interview had an important role: to make possible 

sharing meanings through feedback between teacher and student 

(following Dr. Gowin•s (1981) model of teaching). This role 

of an interview was also pointed in some recent findings: 

..... the interview itself should be considered an 
instructional element. 11 (Rowell, 1978, p. 166). 

And: 11 This form of assessing cognitive structure (the 
interviews) may indeed have more potential as a 
teaching method than as a research technique. 11 

( We s t , 1 9 7 9 , p. 8) . 

• 
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We intentionally used the interview also as a process of 

instruction but, of course, we took care: this Socratic 

t 'eaching (Pines, 1978, p. 30) should not inhibit the student's 

manifestation of reasons (explanations) for his/her 

conceptions and misconceptions . 

The Interview Method 

We used a more flexible format of interview to secure 

as much information as possible concerning individual 

student's conceptions. misconceptions. feelings, and 

explanations (reasons why). 

The student's performance in the laboratory test(s) 

provided an initial reference to detect student's level of 

achievement and main difficulties; this determined the 

initial stimulus (or task} and question to initiate the 

in te r v i ew. 

The use of a lab test for preliminary assessment, and 

then completing this paper and pencil stage by an interview 

based directly upon information generated by the preliminary 

instrument, restricts the area of a clinical interview to 

those aspects already indicated by another format; "the , 

interview retains i ts idiosyncratic applicability and becomes 

more streamlined and efficient . " (Rowell, 1978, p . 214) . 

A summary of the interview format is presented in Figure 8 . 



233 

Written Lab Test(s) 

Vees, 
Conceptua1 Maps, 

.. ---f Research Questions, 
Interview Me thod , 
Form:!r Interview (s). 

Stimu1us or task to initiate intervi ew 

L - Que!tion 
Redi recti on + 

L Response (Explanation) 
ti \ 

I r re 1 e vant Re 1 evant 

+ 
Fo11ow u\ • 

Irre1evant I Relevant _j 
Figure 8. Summary of the Interview Fonnat. (Adapted f rom Pines, 

1978, p. 16a) 

Requiring and ana1ysing the student's ex p 1ana tions 

(reasons) for 11 Why 11
, both for conceptions and misconceptions, 

we used Or . Gowin's (1981) Vee as a framework a n d also his 

point of view about "understanding" as a refere nc e . This is 

shown in Figure 9. 

• 

• 

• 
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. . Va1ue Claims L. 
Ph11osoph1es Know1edge Claims 

\ ~nderstandin~ ornes from accepti ng reasons; 
Theories reasons gjven in the·explanations; 

\ e·xp1anations summarize generalizations; 
L a~ 5 . 

1 
..------..2. e n e r a 1 i z a ti o n s ( p r i nc i p 1 e s a n d 1 a w s ) a r~ 

Pnnc1p e\ y - f expressed through_Ç,Q."!..C.!llH:i. 

Conceptual Struc Conc1usions / 
\tures I 

. \ ~ Data Interpretations 
C mstructs Data Transformations 
( (elationships 1 • 
b ~ tween Concep·ts) Data ( Factual Infor11at1 on) 

'on cepts \ .,._ • Fact!s ( Records o f Events) 
· ------ I 

/ Regula ri ties\ Records (11easurements) 
n Facts) . f 

Event or Object 

Fi< ure 9. The Vee as a Framework for the Analysi s o f Student ts 
Exp l anati ons. 

In asking the student's reasons "why", the word "why" 

was employed in the search for information, for the purpose 

of inquiry. It signified the investigation of cause or reason. 

We did not use the word "why" connoting disapprova-1, 

displeasure, or communicating that the interviewee has dane 

"wrong" or has behaved "badly". This was important because we 

were searching reasons (explanations) both for conceptions 

and misconceptions, as well as student's feelings. 

We also provided a student with his/her own answering time 

because when we ask "Why?", the student may be puzzled by 

his/her conduct without knowing the cause, the reason, the 

need, the motivation, the explanation; for one thing, he/she 

may not really know why. Or he/she 

" ... may be groping for the answer and finding 
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sever a1 possibi1ities. Different, even 
contradictory, forces may be impe1ing himlher or 
h o 1 di n g h i m I h e r b a c k . H eIs h e m ay e v e n k no w o r, a t 
1east , think helshe knows but not wish to revea1 
it. 11 (Benjamin, 1974, p. 83). 

These considerat ions about the use of the question 11 Why? 11 are 

re1evant because this question was frequent1y used in our 

interviews. 

In order to guide us through the interview discussions 

a n d t o de c i d e w h i c h i n f o r m a t i o n w a s r e 1 e v a n t , i n a d d i t i o n t o 

the student 1
S performance in the 1ab test, we used conceptual 

maps and Vees of the laboratory experiments as a reference to 

determine the boun deries of the content. 

Conducting the Interview 

There are several factors that must be considered before, 

during and after the inverview. The best summarized 

description of th ese factors were found in Pines (1978, pp. 

14-44); we used it as a guide. 

Just to give the reader a general idea, we wi11 point 

some of these factor s : the administrative detai1s; the 

interview context; the equipment (tape-recorder, task 

materials, etc.); th e tasks; the information for the 

interviewee; the 11 Warm up 11 period; the presentation of tasks; 

the formulation of questions; the 11 fol1ow up 11
; the use of a 

pilot study for interview deve1opment and improvement; the 

interviewerlee behavior; the subject matter expertise; the 

interviewing experience; the types and leve1s of questions; 

the use of interview ee•s terminology; the types of probes; 

• 
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listening the responses; the 11 follow up 11 vs. the 11 CUe 11
; the 

interview bi as; conceptual vs. verbal understanding (or 

misunderstanding); types of responses; the 11 ! don•t know 

( IDK) students; the non-responders; the response ti~; the relevance 

of responses; leaving the interview; and other factors ... 

Analyzing the Interview Records 

The conceptual maps and Vees served the purpose of 

interview planning and evaluation. 

Pines (1977), Rowell (1978), and others, already used 

conceptual maps for that purpose. Our addi ti onal use of the 

Vee as a reference and framework for interview development 

* and evaluation i s a quite new fruitful approach . 

A conceptual map must represent the subject matter 

content with flexibility and emphasis on the variety of 

relations among concepts; this will reflect on the Vee that 

strongly deals with concepts. This flexibility will respect 

the idiosyncratic and evolutionary characteristics of the 

student•s cognitive structure that, in some way, will be 

reflected on the lab tests and, consequently, on the 

interviews . 

Now, it is time to talk about the 11 transformation of 

data from interviews 11 for the purpose of data reduction and 

evaluation (analysis). We were always concerned with these 

* NIE-NSF Project directed by Dr. Joseph D.Novak (1978-81); Hai Hsia 
Chen•s master thesis (Cornell, January-80); and Charles R.Ault, Jr .• s 
Ph.D. thesis (Cornell, May-80). 
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11 transformations 11 and, in doing the 1iterature review on 

interviews, we found the same preoccupation being manifested 

by other researchers. 

An Austra1ian research group (West, 1979) faced the 

fo11owing problem: 

11 There are now, both at Monash (Monash University, 
Austra1ia) and e1sewhere, a range of methods for 
eliciting information from students about their 
cognitive structure . The difficult task that we 
all face isto finda method of data reduction, of 
summarizing the mass of information in a manner 
that does not distort it, and in combinin~ 
information from more than one student in a manner 
that i s meaningfu1 and useful. 11 (West, 1979, p . 9) . 

Pines (1977 and 1978), after an extensive work with 

interviews, already exposed his concern on data transformation: 

"If we want to find out what a person knows and 
u1timate1y how s/he comes to know, then we must 
ask her/him. There is no doubt that one of the 
most meaningful representations of cognitive 
structure possib1e can come from the data obtained 
from a clinical interview. The future prob1em is 
to reduce and possibly to quantify this data 
without losing its meaning. 11 (Pines, 1978, p. 45). 

Next, we describe the approach we used to ana1yze the 

interviews. Like Pines (1977 and 1978) and Rowe11 (1978), we 

transformed the interview events through a semantic network 

representation that is schematized in Figure 10. 

Our model for interview analysis was adapi!ed from Rowell 

(1978, p. 111); among other differences, our model differs in 

two main aspects: 

( 1) We di d not draw a conceptua1 map (from the statements 

about the records) trying to represent the interviewee's 

cognitive structure 1ike Rowe11 did it; we hoped to 

• 
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avoid this additiona1 higher 1eve1 of inference; 

(2) We used the Vee as an incremental reference and devi ce 

for the interview planning, development and evaluation. 

We anticipated thi s second factor as relevant for the 

interview improvement; the use of a Vee, in addition to a 

conceptual map, provided an objective framework to search 

and to follow the inte rviewee's explanations (reasons "why"). 

S t ude n t' s 

physics conceptions and mi sconcepti ons, 
Gl 

Statements 
momen ts o f cogni tive "shifts", 

u 
(explanations), feelings, c: 

about the 
reasons 

Gl actions, di fficulties, L-
R eco rds .r:a.t 1 e v e 1 of achievement and use o f the Vee . C> .... 

-c: 
:c ..... t 7 

P r o p os i ti o na 1 Fo rmat 

Transformations J---. t 
8 Independent Student Oiscourse 

. t 
Transcript rJ rit ten 

' 6 
Gl Audio-tape R e co rds 

J 
u Records : c: Some Hritten Re co rds 
Gl 
L- fS Gl 

~ .... 
E vents : J Events I o c: In ter vi ew 

...J-

Re fe ren ces: 
14 

Vee t, CM, 2 Individualized Clinica1 1 Research 
Lab Test(s), ~ Interview Pl anni ng Q ues ti on s 

Former Interview(s) t 3 

Interview Method 

Figure 10. The Model for the Interview Analysis. (Adapted from 
Rowe 11 , 1 9 7 8 , p . 111 ) . 
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Performing the indicated transformations, for each 

interview, we got some "statements about the records" concerned 

with the student's conceptions, misconceptions, cognitive 

shifts, reasons, actions, feelings, difficulties, and use of 

the Vee. 

Then we looked for some "key regularities" of those 

"statements about the records" that were centered in some 

reasons students gave for doing, thinking and feeling. 

Our principal research goal was to detect some of those 

key regularities that appeared most frequently along the 

intervi ews. 

Concluding these brief methodological considerations 

about interview analysi s, we again quote Pines: 

"Indeed, the difference between a good interview 
anda cl umsy one lies in the quality and validity 
of the data obtained. The data at this point are 
not easily quantifiable, but nonetheless are 
meani ngful." 
(Pines, 1~ 78, p.45). 

Final Comments 

Our research study, essentially speculative and 

descriptive in nature, is supposed to be at the begining of 

a line of investigati on related to the learning and use of 

the Vee as a framew ork to structure the physics laboratory 

work. 

The more flexible technique th at we used for the 

interviews allows future improvement. Perhaps, in other 

• 
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research studies, it wi11 be possib1e to deve1op a more 

standardized and comparative basis for the interviews~ of 

course, if this cou1d be done without 1osing information and 

without transforming the clinica1 interview in another single 

categorization device as penci1/paper tests . 
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RATIONALE FOR THE GROUP DISCUSSIONS 

Objectives of the Group Discussions 

With the group discussions (G.D.), our main objective 

was to get information through an additional channel to 

answer the research questions (see Section III-1). 

Another purpose of the G.D. was to help the students in 

their understanding of the epistemological framework (the 

Vee) for use in the laboratory context because an important 

function of the G.D. was to share meanings through feedback 

among teacher and students. 

The G.D. is a formative evaluation process and through 

feedback it provides information about the success and/or 

weakness of the individual program. The group discussion 

patterns can be analysed and valuables clues can be obtained 

for the alteration of the program of study activities. 

Through the G.D., when we discussed a topic, the depth 

(level) and nature of the content appeared to be significantly 

different from those appearing when we just read or responded 

to written content or questions. Each student had the 

opportunity to compare his understanding and use of the Vee 

under consideration with those of the other colleagues. The 

G.D. became one of review, reinforcement, and correction . 

Group Organization 

The group must: 

1. Be small enough so that each individual can be heard, can 

• 
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have a contributing role, and can become well acquainted 

with the others; 

2. Be able to find common cause fairly readily, with the 

individuals speaking the same language. 

Also, if grouping is for purpose of urging students to 

learn more, then the factor by which they are grouped ought 

to be one which is very influential on learning. The students• 

achievement and/or non-achievement of some specific items of 

the laboratory test(s) (some specific aspects of the Vee) was 

such a factor. 

We must diagnose the needs of each group in order to 

discover what factors are relevant to help a particular group 

proceed most effectively. This diagnosis should take place 

before the meeting begins, constantly throughout the 

discussion, and even after the meeting is over. 

Satisfying the above conditions, each student was 

scheduled for a particular G.D. session, after considering 

the student performance on the anterior lab test(s). The lab 

test result (s) will provide an initial reference for the 

placement of a student in a certain specific group. During 

the discussion of an item by one student, the other students 

will be involved because they have answered the same (or 

similar) lab test (s) themselves and they know they will have 

opportunity to make additions or corrections. 

Group Discussion Development 

We present a summary of factors that lead to good group 
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discussions: 

1. Good group discussion is a common experience shared by 

everyone; 

2. It is primarily a problem-solving experi e nce; 

3. It requi res that every member be i nformed; 

4. It requires that we share our information with the others; 

5. It requires an objective attitude by each member toward 

the prob1em, the information, his/her co11eagues, and him/ 

I h e rs e 1 f; 

6. It requires r e fl e c ti v e thinking; 

7 . It requires good leadership; 

8. I t requires good listening; 

9. It requires good speaking; 

1 o. It depends upon individual contributions. 

Gro up i n te r a c ti o n s can be described i n terms o f two 

aspects: work and emoti onal i ty. Changes in work and 

emotionality occur during group growth. Four developmental 

phases can be identified for a group: 

1. Attempting to define a direction for themse1ves so that 

work may be done. Individuals are concerned with expressing 

personal needs and exploring the kinds of gratifications 

they may expect in the group. 

2. Addressing itself to specific prob1ems. 

3. The group operates in a wide range of work and e motional 

situations. 

4. The group characteristically engages in high-leve1 work 

but introduces less affect into its discussions. 

Two important assumptions for group operations: 

• 

• 

• 
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F i r s t : a l i s t a t e m e n t s i n t h e g r o u p a r e t o some e x t e n t speaking 

f o r t h e g r o u p as a w h o l e ; f r o m a s o c i a l s t a n d p o i n t , t h e 

ex j^ re s s íon to t he need i s unimportant. 

S e c o n d : s u c c e s s f u l p a r t i c i p a t i o n i n a g r o u p i s b e s t 

c h a r a c t e r i z e d a s an e x p e r i e n c e o f i n q u i r y t o g e t h e r , in w h i c h 

p r o b l e m s o l v i n g i s a p r o c e s s of s u c c e s s i v e cl a r i f i c a t i on of 

v a g u e and a m b i g u o u s c o n d i t i o n s , and i n w h i c h t h e " s o l u t i o n 

i s a c o n f i d e n t c l a r i f i c a t i o n of w h a t a c t i o n t h e g r o u p w i l l 

n e x t e n g a g e i n . 

The e p i s t e mo 1 o g i ca 1 Vee was u s e d i n t h e g r o u p d i s c u s s i o n s 

as a f r a m e w o r k t o make p o s s i b l e a more e f f e c t i v e p a r t i ci pa t i on 

o f e v e r y b o d y i n t h a t p r o c e s s of i n q u i r y t o g e t h e r . 

R e l a t i n g O u r s e l v e s t o t h e Group 

Our pe r s on a 1 a t t i t u d e t o w a r d t h e g r o u p and i t s f u n c t i o n 

i s o f e x t r e m e i m p o r t a n c e t o t h e s u c c e s s of t h e d i s c u s s i o n . We 

must have a s e n s e o f b e l o n g i n g , w i l l i n g n e s s t o c h a n g e ; an 

u n de r s t an di n g o f , and p e r s o n a l a s s o c i a t i o n w i t h , t h e g o a l s of 

t h e g r o u p ; a f e e l i n g of r e s p o n s a b i 1 i t y t o t h e g r o u p ; 

c o n f i d e n c e i n t h e g r o u p and in o u r s e l v e s ; a s e n s i t i v i t y t o 

t h e w i s h e s and f e e l i n g s of o t h e r s i n t h e g r o u p ; e m o t i o n a l 

c o n t r o l ; a s e n s e of a c h i e v e m e n t ; an e n j o y m e n t of t h e 

d i s c u s s i o n e x p e r i e n c e ; h u m i l i t y ; and an a t t i t u d e of s e a r c h 

and i n q u i r y . T h e s e a r e a l i p e r s o n a l m a t t e r s . They a r e 

e s s e n t i al f a c t o r s i n t h e n a t u r e of t h e p e o p l e who a r e t o make 

up t h e d i s c u s s i o n g r o u p . Not a l i o f us have t h e s e a t t i t u d e s 

and p o i n t s of v i e w . As we s t r i v e t o d e v e l o p t h e m , we s h a l l 
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l i l l i i m i i áAscoMer t h a t our e f f ec lÃveness ÍT\ 
" ( • W M M M I I I I I B I I I l l i n U A k i 

The t e a c h e r ' s a t t i t u d e d u r i n g t h e G.D. s e s s i o n can e x e r t 

c o n s i d e r a b l e i n f l u e n c e on a s t u d e n t . S t u d e n t s who n e e d 

e n c o u r a g e m e n t can be g i v e n r e c o g n i t i o n f o r t h a t w h i c h t h e y do 

w e l l and made t o f e e l p l e a s e d w i t h t h e i r s u c c e s s . S t u d e n t s 

who a r e m a k i n g p o o r p r o g r e s s can be t a k e n t o a d j u s t f o r t h e i r 

p r o b l e m s . 

T h e l e n ( 1 9 6 1 , pp . 1 1 - 1 4 ; 1 9 6 7 , pp . 6 5 - 6 8 ) d e s c r i b e s 26 

t y p e s of s t u d e n t s as p e r c e i v e d by t e a c h e r s t h r o u g h g r o u p 

a c t i v i t i e s . From t h o s e d e s c r i p t i o n s , t h e s t u d e n t s c o u l d be 

c l a s s i f i e d u n d e r f o u r m a j o r t y p e s : t h e good ( t h o s e w i t h whom 

t e a c h e r s can w o r k ) , t h e " b a d " ( t h e o n e s who a n g e r t h e 

t e a c h e r ) , t h e i n d i f f e r e n t ( t h e y do n o t c a r e a b o u t work and 

e d u c a t i o n ) , and t h e l o s t s t u d e n t s . 

A n a l y s i n g t h e Group D i s c u s s i o n R e c o r d s 

We t a p e d and a n a l y s e d t h e G.D. s o u n d r e c o r d s i n t h e same 

way as we d i d w i t h t h e r e c o r d s f r o m t h e i n t e r v i e w s ( S e e 

A p p e n d i x E w i t h F i g u r e 10). 

Append i X F B i b l i o g r a p h y 

K e l t n e r , J . W . "Group D i s c u s s i o n P r o c e s s e s " . L o n g m a n s , Green 
and Co. , New Y o r k . 1 9 5 7 . 

T h e l e n , H.A, and S t o c k , D. " E m o t i o n a l Dynamics and Group 
C u l t u r e " . New York U n i v e r s i t y P r e s s . 1 9 5 8 . 

T h e l e n , H.A. " E d u c a t i o n and t h e Human Q u e s t " . H a r p e r & 
B r o t h e r s P u b l i s h e r s , New Y o r k . 1 9 6 0 . 
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11 Teachabi1ity Grouping . A Research Study of the 
Methods and Resu1ts of 'Teacher~Faci1itative' 
Department of Education, University of Chicago. 

"C1assroom Grouping for Teachabi1ity 11
• John Wi1ey & 

Sons, Inc., New York. 1967. 
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SAMPLE OF STUDENTS 1 EXPRESSIONS WRITTEN IN THE 

FINAL QUESTIONNAI.RE 

The following statements, t aken in the second research 

r un, represent a sample of students• expressions written in 

the third part of the Final Questionnaire through which they 

were asked to express their final comments, criticism, and 

suggestions for improvement, concerning the study and use of 

the Analytic Method (the epistemological Vee) in the physics 

laboratory context . 

"I think that the Analytic Method (Vee), and its use through the 
labs, was very well structured ooth in the Method (very objective and 
coherent) and in the activities (interviews, etc.). I think that this 
Method could be already carried out earlier in the secondary schools. 
Without the knowledge of this method,or another framework, the student 
just describe the events without any deep analysis .. .. I used to write 
too much extensive lab reports but, some of them, without organization, 
just describing the events and the measurements and without a deep sense 
of analysis . I feel sorrowful that I did not know this Method earlier; in 
that case I could have done best works and reports in former courses." 

"The Analytic Method (Vee) and the laboratory classes were very 
in1portant mainly to see the differences between the physics of the papers 
and the reality . I think the Vee helps very much the student in the 
development of a •scientific analysis of the physics events•. I suggest 
that the approach used in the last experiment (with no lab guide) should 
already be used in the third experiment; this would earlier improve that 
ability in analysis. I don•t know if it is just my case but, in the fifth 
(last) lab, without a lab guide, I carried out more things, I research, 
I did more graphs than, perhaps, was being expected by the teacher. 
Critics: more time for the lab, and improve the quality of the lab 
equipment; it is very poor." 
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11 At first I had some difficulties in the understanding of some parts 
of the Vee~ mainly the definitions, laws and principles, but this was 
solved through the explanations during the interviews. 11 

11 In general, the Analytic Method is efficient but, for best results~ 
it would be necessary more course time, perhaps 8 hours/week instead of 
just 6 as we have now. 11 

11 The Analytic Method is a good teaching system in providing the 
student with a real view of the relation between practice and theory, a 
point that is ignored in most courses at this moment. By separating the 
parts of an experiment and with the study of each part, through the Vee, 
we have conditions •to open• an experiment in order to analyse it through 

several possible angles. If there is a good theoretical basis~ the 
Analytic ~1ethod would be an ideal supplement for the disciplines which 
require an overview of the subject matter. But, I think that, due to the 
necessity of a progressive comprehension of the Vee and its parts, it 

should not be taught in just one course term. It should be introduced 
slowly and earlier through other courses. 11 

11 The teacher used toa much time with the Analytic Method and this 
prejudiced the learning of the course content. I think that you should not 
work so much on the Method because it is easy to understand it. 11 

11 1 liked very much the lab classes and the Analytic Method. They 
helped me in the understanding of the scientific processes used in physics 
and in other scientific disciplines. I suggest to improve the theoretical 
background of the students in order to strengthen the left side of the Vee; 
if the student understands the theoretical aspects of the experiment, he 
may conclude by himself what is going on. 11 

11 The Analytic Method carried out in the lab classes provided me with 
a new view concerning the scientific reality and the problems of proposing 
a theory that may actually be checked through practice. In brief~ the Vee 
made me clear a new way of scientific reasoning concerning concrete facts. 

It is fundamental, to any profession of the scientific-technical area, 
to develop a unit of scientific reasoning because an architect, engineer, 
needs create~ needs make up~ and this is not possible if one doesn•t know 
at least some basic scientific investigation techniques. Specifically in 
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the Physics II course, the Method helped in providing the students with 

that unit of scientific reasoning as well as in the understanding of the 
course content beca use, in my case, that theory i nvo 1 ved in· the 1 ab 
experiment . became actually understood by me." 

"Until today, I had not been introduced to a model (for the analysis 
of the scientific investigation methods) as well organized as the Vee it is 
I have no doubt about its validity and utility in a teaching up-to­

date. The excess of information, which we are receiving at the present 
times, it is difficultating the process of critical reasoning of the 
individuals .... there is a danger: we are going to enter into an era of 
ignorance due to a blind faith fn ~cience•, if human being doesn't begin 
to develop one's critical appraisal and inquiry. I think that this role 
of studying the science critically must be assumed by epistemology (Obs: 
the term epistemology was actually used by the student). Consequently, the 
enterprise of introducing the Vee in the Physics II course was valid. By 
the way, the Vee is of fundamental importance in any science course and 
mainly in the theoretical-practical courses in order to evitate the 
'cook-book' approach." 

f(In general, the Analytic Method is useful in the comprehension of the 
physics and its structure. However, I think that in arder to improve still 
more this notion of structure, it should be more emphasized the aspect of 
the interaction between theory and practice . ... In my point of view, the 
function of the event should also become more clear. As a whole the Method 
is good and may also be used in other situations out from physics." 

11
Even considering that the teacher put much emphasis on the Vee, 

I think that it should continue in use in the Physiscs II lab classes and 
it could be introduced, inclusively, in other disciplines which also have 
laboratory work ... 

"Suppress some parts of the Vee such as philosophy (system of values) 
and value claims which have not very much to do with the experiment and 
just complicate the student's life. 11 

11

An experiment without a lab guide is more appropriate for the 
comprehension of the use of the Vee because it requires the use of the 
Vee at the same time that we are carrying out the experiment; then, it 
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permits to visualize the use of the Vee. In other experiments (with a lab 
guide) we just follow the written instructions and only at the end of the 
experiment that we use the Vee by identifying the parts of the experiment. 
The experiments without a guide, by surprise, should be repeated several 
times through the lab course." 

"I understood the Analytic Method (Vee) as a way for action when 
facing a phenomenon of scientific interest. That is, I have a method for 
action when facing an event. However , this way for action can more easily 
be assimilated by doing many labs, and labs in the same way of that one of 
the fifth lab (with no lab guide) . . .. Finally, the learning and practice 
of the scientific investigation processes through the Analytic Method 
should already begin in the Physics I course and continue in Physics II, 
in order to facilitate the students' assimilation of those ideas." 
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