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Abstract

This study described an attempt to develop a networked two-tier test system. A
two-tier test is atwo-level multiple-choice question that diagnoses students
alternative conceptionsin science.  Three networked, two-tier test items were
presented in this study.  Five hundred fifty-five 8" graders and five hundred
ninety-nine 10" gradersin Taiwan were asked to answer theseitems on-line. An
analysis of students answers suggested that students’ alternative conceptions might
be retained even after formal instruction about relevant conceptions. Moreover, their
responses were related across these three two-tier test items.  Further development of
the two-tier test system will mainly focus on designing appropriate feedback and
guidance that help students overcome their alternative conceptions.  In this way, the
networked two-tier test system is not only a diagnostic tool, but also an effective
instructional tool. Thisstudy has illuminated some innovative thoughts for the

research and practice of science education.
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Introduction
In recent 25 years, many science educators believe that students' knowledge in

domain-specific areas plays a more important role than their general cognitive ability



or underlying logical structures on conceptual learning of science (Driver and Easley,
1978). Consequently, science education researchers have widely surveyed students
knowledge in various domains, known as students’ “misconceptions’ or “alternative
conceptions” (Wandersee, Mintzes and Novak, 1994). Thisresearch trend facilitates
the practice of constructivism in the field of science education since it isimportant to
know what prior knowledge students bring to alearning environment to properly help
them construct new knowledge (Tsai, 1998a, 2000a, 2000b). Researchers have
devel oped methods to explore student alternative conceptions, for instance, interviews
(Bell, 1995; Posner and Gertzog, 1982) and concept maps (Novak and Gowin, 1984).
However, these methods often require additional training and commitments of time to
conduct, analyze, and to make interpretations (Ruiz-Primo and Shavelson, 1996). A
two-tier test, a pencil and paper test in a multiple-choice format, hence, is proposed by
science educators to diagnose students’ alternative conceptions (Treagust, 1988;
Odom and Barrow, 1995). Two-tier tests are explained more fully below. The use
of two-tier tests allows teachers to not only understand students' scientifically
incorrect ideas, but also to explore students’ reasoning behind theseideas. Moreover,
it facilitates assessment of alternative conceptions of alarger sample of studentsin a
more efficient and relatively straightforward manner, and has been widely used in
science education research (Christianson and Fisher, 1999; Voska and Heikkinen,
2000).

With rapid development of Internet technology, the two-tier test can be
implemented on aweb site to further achieve wider accessibility for students and
practicing teachers. This paper describes an attempt to develop a networked two-tier

test system.

Two-tier test



The two-tier test isatwo-level question presented in a multiple-choice format.
The item presented in Figure 1 shows a sample that explores students' aternative
conceptions about weight. The first tier assesses students’ descriptive knowledge
about the phenomenon, that is, the weight in a vacuum condition on the earth. The
second tier explores students' reasons for their choice made in the first tier. Hence,
the second tier investigates students explanatory knowledge or their “mental
models.”  Since the two-tier test isin a multiple-choice format, it is much easier for
teachers to score or interpret students' responses.  In this way, even with numerous
students, ateacher can efficiently diagnose their alternative conceptions.

(Insert Figure 1 about here)

Treagust (1988) has proposed that to develop appropriate two-tier teststo
diagnose students' alternative conceptions, researchers should examine rel ated
literature to improve the quality of the testsin light of current research findings, and
conduct unstructured student interviews to better understand in-depth how the
students arereasoning. Hence, the two-tier test items used in this study mainly drew
upon related research literature (e.g., Minstrell, 1984), with interviews of some

secondary school students.

Presentation of networked two-tier test

In the networked two-tier test system, only one item per screen was presented.
For every presented item, there are two steps.  The first step presents only the first
tier of theitem. After the student makes a choice and confirms it within the first tier,
then the system shows the second tier, with the first tier remaining on the screen.
For instance, the two-tier test item shown in Figure 2 as it appears in a paper and
pencil format is adapted to a network presentation as shown in Figure 3 for the first

step and in Figure 4 for the second step.



(Insert Figure 2, Figure 3 and Figure 4 about here)

Theitem is presented in two steps to prevent contamination of the first response
by information contained in the second step in the sequence.  This helpsto ensure
that the student’s first response to an item represents their initial preconception and is
not influenced by other possibly confounding information. Nevertheless, when
making the choice of the second tier, the first tier iskept on the screen.  This may
help studentsto select areason (i.e., the choice in the second tier) that is consistent
with their choice madein thefirst tier.  If, in some rare cases, students really want to
change their initial choice after viewing the second tier, they could exit the system and
then re-enter and change their answer.  Although we will see some inconsistent
choice combinations across two tiers made by students later in this study, theinitial
separation of thefirst tier’s presentation from the second should ensure that some
students’ inconsistent ideas are really “inconsistent,” and that these inconsistencies do

not necessarily come from cross-contamination within the system.

Three networked two-tier test itemsand their resultswith Taiwanese 8" and 10™
graders

This study placed three two-tier test items on the web to be accessed by a group
of Taiwan's students to survey their alternative conceptions. The first item (Figure 1)
explored students’ concepts about weight, and the second item (Figure 2), assessed
students’ ideas about sound. Thefina itemis presented in Figure 5, investigating
students' aternative conceptions about heat and light. The items were presented in
Chinese, and the English version of these items reported in this paper were an
equivaent version after translation.
(Insert Figure 5 about here)

Research data for these two-tier test items were gathered from fifteen 8"-grade



classes (14-year-old students) and thirteen 10" grade classes (16-year-old students).
These students came from eleven schools, across different demographic areas of
Taiwan, and this sample included 555 8" graders and 599 10" graders. Each student
keyed in his/her ID and assigned password in school computer classroomsto
complete three two-tier test items.  The networked two-tier test items were
administered to these students at the beginning of the fall semester. According to
Taiwan’s national curriculum, the beginning of eighth grade is the stage prior to
receiving formal instruction about these scientific concepts, while the tenth graders
had been taught about these concepts during the study of 8" and 9™ grade science.

Table 1 presents the students’ answers on the first two-tier test item (Figure 1).
The most favorable answer combination selected by students was (A)(ii), indicating
that many students had an “air implying weight” alternative conception. This
finding was found for both 8" graders and 10" graders. The scientifically correct
answer, that is, (C)(iii), was chosen by only 8% of eighth graders and 12% of 10"
graders. Also, somelogically inconsistent answer combinations were still chosen by
afew students, for instance, the answers of (A)(iv), (B)(iv), and (D)(iv). These
answers may come from students' mindless guessing. A chi-square test comparing
8" graders’ answer selection and that of 10™ gradersindicated that there were no
significant differences between these two grades of students. That is, even after
formal instruction about weight, many 10" graders may have the same alternative
conceptions as those expressed by 8" graders.
(Insert Table 1 and Table 2 about here)

Students’ answersto the second item (Figure 2) are presented in Table2.  38%
of 8" graders aswell as 58% of 10" graders selected a scientifically correct answe,
that is, (B)(i). Students seemed to have more accurate ideas about the concepts of

sound. However, 17% of 10" graders, after receiving formal instruction, still



expressed aview that sound could be propagated without amedium. Nevertheless,
the chi-square test suggested that the answer selection of 10™ graders were
statistically different from that of 8" graders (p < 0.001). More 10" graders selected
correct answers than 8" graders.  Formal instruction seemed to have some impacts
on students’ ideas of sound in terms of the results of the second two-tier test item.
(Insert Table 3 about here)

Table 3 presents students' responses to the third two-tier test item (Figure 5).
Although the scientifically correct answer (C)(iv) was expected to be one of the most
frequent choices selected by students, the proportion of these students was not very
high (16% and 19% for 8" graders and 10™ graders respectively). An amost equal
proportion of students selected the answer of (A)(ii) and they believed that the light
can be propagated in a vacuum condition but the heat could not. ~ Still anotable
proportion of students held an almost opposite alternative conception that the heat can
be propagated in a vacuum condition but the light could not. Hence, they chose
(B)(i) astheir answer (14% of 8" graders and 12% of 10" graders). A chi-square
test also showed that the responses of the 10" graders were not significantly different
from those of the 8" graders.  In summary, the results derived from these two-tier
test items suggest that in many cases, students' aternative conceptions may be
retained even after formal instruction about relevant conceptions. Thisfindingis
consistent with awide base of findings in science education research literature that
alternative conceptions are tenacious and resistant to extinction by conventional
teaching strategies (Wandersee, Mintzes and Novak, 1994).

An additional research question can be examined if variationsin teaching and
learning strategies may have effects on students' conceptual understanding of these
topics as assessed by the two-tier test format.  Students who experienced different

teaching approaches, e.g., traditional versus so-called constructivist, may have



different conceptions about the content as examined by the test items following
instruction. More recently, the effects of learning strategies on the development of
students' conceptions also have recently gained attention among science educators
(Tsai, 1998b, Tsal, Lin & Yuan, 2001). It also may be productive to analyze how
different learning styles are related to different levels of conceptual understanding or
alternative conceptionsin science. Hence, further research may be profitably
directed toward gathering information about students' learning strategiesin relation to
their development of scientific conceptions as measured by networked two-tier items.
Moreover, given the fact that teaching in Taiwan's science classroomsis mainly
traditional, this study was not able to assess students responses in relation to different
teaching strategies. A promising way of exploring thisissueisto conduct carefully
designed controlled experiments, comparing students' responses after traditional
instruction with those after other, perhaps more progressive, instructional approaches.
Over the past two decades, science educators have developed some teaching strategies
to overcome students' alternative conceptions (e.g., Cosgrove & Osborne, 1985;
Driver & Oldham, 1986; Tsai, 1999, 2000a) and these may be profitably examined for
effectiveness in conceptual change learning using the networked two-tier test system.
Another potential way of exploring thisissue isto repeat this study by comparing the
results of this study with the results from a similar set of studentsin another country,
which isvery different from Taiwan, for example, the UK or USA. The comparison
may give clues about how education in different contexts, or using different
instructional regimes, may affect students' knowledge devel opment in science.

This study further examined another important research question; that is,
students' responses across three test items.  In other words, the rel ationships among
students' understandings of the concepts of weight, sound, and heat and light were

investigated. In order to explore these relationships, this study utilized asimple



framework that categorized students' responses on each networked two-tier test item,

using the following three levels of accuracy:

1. Incorrect: students' responses are incorrect in both tiers, allocated for one point.

2. Partialy correct: students responses are correct in one and only onetier of the item,
allocated for two points.

3. Correct: students' responses are correct in both tiers, allocated for three points.

(Insert Table 4 about here)

Students' responses on the three, two-tier test items were categorized into these
accuracy levelsas shownin Table4. For example, students with a response of
(C)(iv) on item 1 were classified as "partially correct,” while those with a response of
(A)(ii) on the same item were categorized as "incorrect.” These datawere used in
correlation analyses of response accuracy across the three test items for 8" graders
(Table 5), and for 10" graders (Table 6).

(Insert Table 5 and Table 6 about here)

Theresultsin Table 5 and Table 6 indicate that students' understandings about
weight (item 1), sound (item 2), and heat and light (item 3) were statistically related
(p<0.001). Students having better understandings on the concept of weight tended
to have better understandings in the other two domains.  For both eighth graders and
tenth graders, the correlation between item 1 and item 2, and that between item 1 and
item 3, though significant, were not very high. However, students levels of
correctness on item 2 (about sound) and item 3 (about heat and light) were highly
related (r = 0.43 for eighth graders, and r = 0.50 for tenth graders). A series of t-tests
comparing the correlation coefficients also showed that the correlation coefficient
between item 2 and item 3 was significantly higher than the others (p < 0.001). In
the light of studies on physics knowledge frameworks, these findings were plausible

because both the concepts of sound and those of heat and light are related through a



common theoretical mechanism of "wave" propagation, while the concepts of weight
are derived from the foundations of classical mechanics. However, a careful ook
about 8"-grade students' responses acrossitem 2 and item 3 revealed another
interesting finding. Among the 213 eighth graders who selected (B)(i) as their
response (i.e., the correct answer) on item 2, thirty-three (15.5%) of them selected
(D)(iii) astheir answer initem 3.  This percentage was much higher than that
calculated from the whole 8"-grade sample in this study (8.5% listed in Table 3).
Thisimplied that the 8" graders who knew that sound required an elastic medium to
be transferred sometimes got confused and thought light and heat must be the same.
Nevertheless, the data of the ten graders did not show asimilar finding. Researchers
are encouraged to look into the complexities of students mental models more
carefully by looking back at the responses of students on the items and how they may
berelated. Since the networked two-tier test system has the capacity to record
students' responses within adigital database, educators can effectively conduct such

correlation analyses even when additional items are included.

The advantages and further development of networked two-tier test system

The advantages of administering tests by computer network are well known and
documented. The advantages of networked two-tier test system, at least, include the
following:

1. Theflexibility in testing time and location: Since the main purpose of this study is
for teachers' diagnosis of student’s alternative conceptions in science, we provided
the same test items and administered them during the actual times that classes met.
In the future, more networked two-tier test items will be provided for students
self-assessment, so that students can access these items at their convenience and

preferred location.



2. Provide instant scoring: Upon the completion of the test, scores of multi-choice,
true/false, or matching questions can be calculated and presented to the test takers.
In the future, when the two-tier test system is used for students' self-assessment,
instant scores will be provided to them.

3. Present test materials in multimediaformat: For example, the trgjectory of a cannon
ball can beillustrated in motion; the human skeleton can be presented in 3-D
rotation. Some of the two-tier test itemswill be presented in motion if needed,
whichisin our future study. In particular, many science concepts deal with time
and space, and the multimediawill present these concepts in a more clear way than
what traditional educational media can provide.

Moreover, the network technology, being easily administered and time efficient,
can help educators collect alarge number of students' responses on the items and then
explore students’ alternative conceptions. Many past studies on students’ alternative
conceptions mainly used interview or concept mapping techniques (Mintzes,
Wandersee & Novak, 1994). Dueto their time consuming quality, the number of
students that can be assessed and the range of alternative conceptions analyzed are
usually limited. The use of anetworked two-tier test system can help researchers
and educators investigate students' conceptions for alarge sample (even national
sample) and it also provides a deeper analysis for students' conceptua frameworks
than traditional multiple-choicetests. In addition, the networked two-tier system can
be used prior to instruction to explore students' prior knowledge, or can be used after
instruction to assess students’ learning outcomes. The system provides a quick way
to gain arelatively detailed picture about students' prior knowledge or learning
outcomes for teachers and researchers.

Clearly, the next step for this study is to develop more two-tier test itemsto be

evaluated with arange of students. Researchers are encouraged particularly to
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develop more items within a conceptual domain to fully explore students' alternative
domain-specific conceptions. For example, a series of two-tier tests about weight or
broadly about gravity (such as the first one presented previously in this paper) can be
devel oped to more thoroughly explicate students’ mental models about gravity. Test
items with multiple tiers (not only two tiers) can also be considered.

It iswell recognized that computers can be effectively used as a medium to test
individuals as well aslarge and small groups without a substantial increase in time or
expense compared to paper and pencil formats.  Test content and feedback can be
customized to meet the individual needs of students by providing different difficulty
levels, emphases, suggestive feedback and remedial materials. Further development
of the system should focus on designing and providing appropriate feedback for
students’ incorrect answer combinations. Coe (1998) summarized studies of giving
feedback and concluded some conditions that produced improved performance. For
example,

1 Feedback should be given to individuals on their individual performance.

1 Feedback should be given as soon as possible after performance.

I Feedback should be specific and focused on the task.

1 Feedback should aim to correct errors or inadequacies or feedback should have a
diagnostic function.

Azevedo and Bernard (1995) also proposed that effective feedback in

computer-assi sted instruction involves the computer’s ability to evaluate both the

correctness of the learner’s answer and the underlying causes of error.  Clearly, the

networked two-tier test system can provide feedback that fulfills these conditions.

For example, if one student has an alternative conception that “air implies weight” (as

elicited in the first two-tier test in this study), the system can promptly provide a

feedback that asks the student to think about the weight condition on the moon.
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Most students are well informed that the moon is in a vacuum and the weight of an
object is about one sixth when compared to that on the earth. Hence, an object still
has its weight in a vacuum condition, such as on the moon. Asanother example, if
one student has an alternative conception that heat and light should be propagated by
amedium and they cannot be delivered in a vacuum condition, the system can be
designed to provide an instant feedback that |eads the student to reflect on how we
can seethe light aswell asfeel the heat from the sun. By addressing students
underlying errors or inadequate explanations, such discrepant feedback, directly
linked to the student’s incorrect answer combination can challenge their existing
conceptions and thus facilitate the process of conceptual change. Chi (1996) has
developed afourfold categorization of feedback: corrective feedback, reinforcing
feedback, didactic feedback, and suggestive feedback. It is expected that the
networked two-tier test system, based on students’ incorrect or even correct responses,
can promptly provide either one or more types of feedback of these kinds for learners.
This feedback system can be easily implemented through the technology of the
Common Gateway Interface (CGl).

Moreover, the networked two-tier test system can be designed to present the test
materials and relevant feedback in amultimediaformat.  With feedback that
addresses students' alternative conceptions, whether corrective, reinforcing, didactic
or suggestive, the system will become much more of an interactive, multimedia type.
Research indicates that interactive multimedia have a significant effect on students
achievement and problem-solving skillsin science (Frear and Hirschbuhl, 1999).
When designed as an interactive, multimedia learning environment, the networked
two-tier test system becomes not only a diagnostic tool, but also an effective
instructional tool, helping students overcome their alternative conceptions.  Finaly,

the networked system can record students' learning paths when navigating the system.
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Future studies of networked two-tier tests can effectively explore the relationship
between students' navigation modes and paths and their test responses on the two-tier
test.

In conclusion, although the items in this paper may as yet be limited in scope,
this paper has illuminated some innovative thoughts, maybe not for web-based testing,
but certainly for the research and practice of science education. The current system
can overcome an unsolved issue for contemporary science educators, that is, to
investigate students alternative conceptions with a much larger sample of students.
The future system, which incorporates adaptive feedback for students, may help
students overcome alternative conceptions, an important instructional goal shared by

many modern science educators.
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Table 1: Students’ responses on item 1 (exploring concepts of weight)

Answer combination 8" grade (n, %) 10" grade (n, %)
@A) (i) 33 (5.9%) 43 (7.2%)
(A) (i) 173 (3L.2%) 145  (24.2%)
(A) (iii) 20 (3.6%) 23 (3.8%)
(A) (iv) 12 (2.2%) 9  (15%)
®) (i) 25 (4.5%) 31 (5.2%)
(B) (i) 80  (14.4%) 72 (12.0%)
(B) (iii) 15 (27%) 18 (3.0%)
(B) (iv) 8  (L4%) 6 (L0%)
©) (i) 17 (3.1%) 23 (3.8%)
(©) (ii) 2 (58%) 44 (7.3%)

(C) (iii)* 45 (8.1%) 70 (11.7%)
©) (iv) 60  (10.8%) 80 (13.4%)
O) (i) 7 (13%) 10 (L7%)
(D) (ii) 8  (L4%) 8  (L3%)
(D) (iii) 10 (18%) 6 (10%)
(D) (iv) 10 (18%) 1 (18%)

Chi-square = 17.05 between 8" graders and 10" graders, d.f. = 15, p>>.05
* scientifically correct answer

Table 2: Students’ responses on item 2 (exploring concepts of sound)

Answer combination 8" grade (n, %) 10" grade (n, %)
@) (i) 3 (1.7%) 2 (53%)
(A) (i) 149  (26.8%) 103 (17.2%)
(A) (iii) 89  (16.0%) 78 (13.0%)
B) (i)* 213 (38.4%) 347 (57.9%)
®) (ii) 2 (58%) 23 (3.8%)
®) (iii) 29  (5.2%) 16 (2.7%)

Chi-square = 46.42 between 8" graders and 10" graders, d.f. = 5, p<.001
* scientifically correct answer



Table 3: Students’ responses on item 3 (exploring concepts of heat and light)

Answer combination 8" grade (n, %) 10" grade (n, %)
@A) (i) 27 (4.9%) 29 (4.8%)
(A) (i) 2 (16.6%) 78 (13.0%)
(A) (iii) 20  (3.6%) 26 (4.3%)
(A) (iv) 13 (2.3%) 1 (1.8%)
(A) (V) 8  (L4%) 12 (2.0%)
B) (i) 78 (14.1%) 74 (12.4%)
(B) (ii) 21 (3.8%) 23 (3.8%)
(B) (i) 0 (54%) 25 (4.2%)
(B) (iv) 13 (2.3%) 20 (3.3%)
(B) (V) 12 (2.2%) 1 (18%)
(©) (i) 10 (18%) 9 (15%)
(©) (ii) 1 (2.0%) 14 (2.3%)
() (i) 14 (25%) 13 (2.2%)

(©) (iv)* 88  (15.9%) 115  (19.2%)
©) (V) % (6.1%) 56 (9.3%)
D) (i) 8 (L4%) 12 (2.0%)
(D) (i) 9 (L6%) 10 (L7%)
(D) (iii) 47 (85%) 39 (65%)
(D) (iv) 1 (2.0%) 14 (2.3%)
(D) (V) 9 (1.6%) 8  (13%)

Chi-square = 14.93 between 8" graders and 10" graders, d.f. = 19, p>> 0.05
*scientifically correct answer



Table 4: The level of correctness coded in this study

Answer combination CI(;rvrgct Answer combination Clc;rvrgct Answer combination CI(;rvrgct

ltem1 (A)(i) 1 ltem2 (A)(1) 2 ltem3 (A)(i) 1
(A)(ii) 1 (A)(ii) 1 (A)(ii) 1
(A)(iii) 2 (A)(iii) 1 (A)(iiN) 1
(A)(iv) 1 (B)(1) 3 (A)(iv) 2
(B)(1) 1 (B)(ii) 2 (A)(Vv) 1
®)ii) 1 B)Gii) 2 (B)( i) 1
(B)(iii) 2 (B)(ii) 1
(B)(iv) 1 (B)(iii) 1
(©)(1) 2 (B)(iv) 2
(C)(ii) 2 (B)(v) 1
(C)(iii) 3 (®]@)) 2
(C)(iv) 2 (C)(ii) 2
(D)(1) 1 (C)(iii) 2
(D)(ii) 1 (©)(iv) 3
(D)(iii) 2 ©)v) 2
(D)(iv) 1 (D)(i) 1
(D)(ii) 1

(D)(iii) 1

(D)(iv) 2

(D)) 1

Notes:  3: correct;
2: partia correct
1: incorrect.

19



Table 5: The correlation of eighth graders' levels of correctness across three test items
(n=555)

ltem 1 Iltem 2 Iltem 3
ltem 1 1 0.23*** 0.21***
Iltem 2 1 0.43***
ltem 3 1
***n< 001
Notes: a. Item 1 exploring students' alternative conceptions about weight.

Item 2 exploring students' alternative conceptions about sound.
Item 3 exploring students' alternative conceptions about light and heat.
b. The t-value comparing the correlation coefficients between 0.43 and 0.23 is
4.19 (p<.001), while t-value comparing the correlation coefficients between
0.43 and 0.21 is 4.65 (p<.001).

Table 6: The correlation of tenth graders’ levels of correctness across three test items
(n=599)

ltem 1 Iltem 2 Iltem 3
ltem 1 1 0.26*** 0.29***
ltem 2 1 0.50***
Item 3 1

***p< 001
Notes: a. Item 1 exploring students' alternative conceptions about weight.
Item 2 exploring students' alternative conceptions about sound.
Item 3 exploring students' alternative conceptions about light and heat.
b. The t-value comparing the correlation coefficients between 0.50 and 0.26 is
5.73 (p<.001), and the t-value comparing the correlation coefficients
between 0.50 and 0.29 is 4.96 (p<.001).
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On the earth, there is an object weighted 10-kg. If we deliberately cover
the object with a glass shell and extract the air inside, then the value shown
on the scale will be:

A. Okg

B. B.lessthan 10 kg (but not equal to 0 kg)

C. equal to 10 kg

D. morethan 10 kg

iy » K

10Kg

The cause of this phenomenon is:

(). Theweight is affected by the pressures inside the glass shell.

(i). The object’sweight is related to its air condition where the scaleis
located; the air plays arole in determining the object’s weight.

(iii). The same object will be affected by the same value of gravity on (the
same point of) the earth.

(iv). The value shown on the scale represents the “mass’ of the object, and
which should always remain the same.

Figure 1: A two-tier test about students’ concepts of weight (item 1)
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On the earth, thereis an alarm clock ringing. Now, we deliberately cover the alarm
clock with a glass shell and extract the air inside, so the pressure within the shell is
close to avacuum state. If we listen carefully, will we hear the ringing sound?
A.Yes

B.No, we cannot hear any sound.

b
gy

—

The cause of this phenomenoniis:

(). The sound wave must be propagated by a medium.

(i1). The sound wave need not be propagated by a medium.
(iii). The sound wave is able to vibrate the shell.

Figure 2: A two-tier test about students’ concepts of sound (item 2)
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Figure 3: Thefirst tier of item two in the networked system.  The system will
show thefirst tier first, and ask the student to select a choice.
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Figure 4: Item two in the networked system. After the student
selects an answer to the first tier, the system will show the second
tier, with the choice of the first tier still visible.
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On the earth, there isalighting bulb to give out heat. Now, we deliberately cover
the bulb with aglass shell and extract the air inside, so the pressure within the
shell becomes avacuum state. If our face is pressed close to the shell, will we be
ableto seethelight and feel the heat?

A. We can only seethe light, but can not feel the heat.

B. We can only feel the heat, but can not see the light.

C. We can both see the light and feel the heat.

D. We can neither see the light, nor feel the heat.

The cause of this phenomenon is:

(). Thelight must be propagated by the air; and, the heat can be propagated via
radiation under a vacuum state.

(i). Thelight need not be propagated by the air; and, the heat cannot be
propagated via radiation under a vacuum state.

(ii1). Thelight must be propagated by the air; and, the heat cannot be propagated
viaradiation under a vacuum stete.

(iv). The light need not be propagated by the air; and, the heat can be propagated
viaradiation under a vacuum stete.

(v). Thelight need not be propagated by the air; and, the heat can be propagated
via convection under a vacuum state.

Figure 5: A two-tier test about students’ concepts of heat and light (item 3)
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