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Abstract

The following paper explores the possible relationshipvden the manner in which a student is taught
vocabulary in a high school physics classroom andhtigyaof those students to correctly answer physics
conceptual questions. Two high school physics claasght by the same teacher (eight or nine students iarahe
seventeen in the other) received identical instruchiooughout multiple units with the exception of vocabulary
instruction. Differences were observed in the studeiisity to correctly answer conceptual questions ity one
topic, heat. The students did not get better at ansgvarguestion concerning a phase change or another question
that the direct instruction group already knew (80% of thedemnts got the right answer on the pretest and kept that

same answer on the posttest).
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Introduction
As long ago as 1917, questions were being raised (Thke)rabout the intricacies of
understanding phrases, sentences, and paragraphs. Sivetenadlowed to read a paragraph and then asked simple
guestions (short answer format) whose answers coulétbemined using the assigned reading. Not only did a
large number of students answer incorrectly, but the pesorrect answers given were difficult for the
researcher to classify.

In my school district, teachers are repeatedly askedegrate general literacy activities into their
instruction. Types of activities vary, but they shitiecommon goal of improving a student’s ability to raad
write. Despite the intuitively obvious benefits of aippimeant to enhance literacy skills, it would be mudieza
to enforce such a policy if teachers felt that theas @ carry-over effect that increased student performiamtieer
areas. Fortunately, one particular survey of litemexists (Stahl & Fairbanks 1986) that suggests a carry-over
effect into the ability of a student to understand passagyelving untaught vocabulary. It seems that studemts c
receive vocabulary instruction for a particular set ofdsand improve not only their ability to comprehend
passages involving those words, but also their albdigomprehend passages that don’t include the taught
vocabulary. This conclusion was made after the papetseucompiled the results of roughly 120 different
sources of information. While it is nice that an insesin general reading ability can occur, is theriendes
increase in the ability to correctly answer concepfuastions in a physics setting?

As a physics teacher, | wanted to know if time speriteracy instruction would have any positive
influence on my students’ scientific literacy. That leg tmimplement the most basic form of literacy instion,
vocabulary instruction, and to measure a fundamentalyaiild physics student, the ability to correctly ansave

conceptual question.



Literature Review
Textbooks

The textbooks in classrooms can be very difficult fodetus to read, much less comprehend. The
vocabulary within textbooks has been analyzed on more timoarasion and it has been discovered that there are
multiple roadblocks to reading comprehension. Studentsadeaswith technical vocabulary that would only
appear in a science textbook, which can lead to a copinigamism of attempting to memorize as much of the
information as possible without trying to understandin@itoves 1995, Songer & Linn 1991). Others have found
that a student must also understand the “procedural” vocglauid non-technical words in science textbooks in
order to comprehend what they are reading (Marshall &@il 1991, Marco 1999). This means that there are
common words and phrases that teachers assume are tobis or her students which are, in reality, troutres
for them. Recommendations have been made by resestotieach using vocabulary as a stepping stone into
conceptual discussions in order to avoid rote memorizafidacts. Teachers are also asked to integrate the
teaching of nontechnical and procedural vocabulary inio l#ssons since a superficial understanding of these
words can negatively affect reading comprehension @r@995, Songer & Linn 1991, Marshall & Gilmour 1991,
Marco 1999).

There are, however, researchers who feel that sciertt®oks get a bad reputation because words that are
typically found in science textbooks are not included ordviists used to rate their readability (O'Toole & Bef
1969). In an attempt to rectify the situation, words camiypnfound in six different textbook series used in
elementary grades were compiled. These words werauigehto construct a multiple-choice examination in order
to determine which words were known by most of the studerstgroup of 720 fourth graders. All words that 60%
or more of the students knew were compiled into a mednead list and this list was used in addition to a stathda
readability list in order to reevaluate science boaktsused in the initial gathering of words. All five okthooks
assessed dropped in reading level by at least one gradedyAike this seems to refute the argument that the
terminology in science books is difficult to understand,hat is more likely is that it illustrates the need fo
readability lists to be updated.

Vocabulary Instruction
Research has explored the effect of different vocabutetyuictional techniques on vocabulary retention

and reading comprehension skills. The common pradtiassigning vocabulary to define was denounced in a



paper that found the activity to be “meaningless” (€hel986). Copying definition was not found to increase
reading comprehension. The study suggested providing ssugithinot only the meaning of words, but the reason
why they should care about their definition. They &b that building on students’ current understanding
(schema) will lead to better reading comprehension.

Research has also established a connection between giad@mpation and long-term vocabulary
retention in groups of fifth grade students (Stahl & CIE8R7). Students in this study were split into three groups
and given instructions concerning a discussion in cl@sge group was told that they would be called on to
participate in the discussion, another that they mighatbedcon, and the final group was told that they werelsim
allowed to listen. Class discussion that involved awgi lef student participation led students to retain vocajpular
better than the students who were told to learn by liggeninterestingly, it did not seem to matter whether th
students did or did not actually participate, only thay theught they could be called on to participate. Instiart
term, there was no significant difference betweemtrérmance of the three groups, but an assessment given a
couple weeks after the first one showed a differencetention between the discussion groups and the listening
groups.

Other researchers have made similar conclusions by emgldijfferent techniques that also seek to
engage students in learning (instead of turning them intdatpes). One study used college freshmen in a physical
science class as its subjects (making its subjeuitasito the ones used in this study) (Snouffer & Thistlava
1979). They employed two strategies, graphic pre-orgaranerpre-reading vocabulary instruction, in an attempt
to increase the students’ ability to understand and rémmewhat they read. The graphic organizers wereasinal
a chapter outline or a concept map and the pre-readeapulary instruction introduced the students to eight words
that students would encounter in a reading selection. foeyl that science reading comprehension and thigyabil
to recall information was significantly improved by peading tasks, with pre-organizers the clear winneg. Th
researchers admit that the reader should approactrekelts with caution since pre-organizers had not stsueh
promise in other studies.

Another study found success in the use of an activity dutibessible Sentencg$tahl & Kapinus
1991).” Students would use definitions of words, both famelied unfamiliar, to construct sentences that would be
analyzed for correctness after reading an assignniérg.sentences that were incorrect (vocabulary impioper

used) were corrected by the students after the activibeiform of a class discussion. Students were forced to



participate more fully in these activities than simplelieg activities. It is believed that this deeper pgrttion
aided the students in learning vocabulary and recalling faofoamation.

Further reinforcement comes from a study performed ohf@umd eighth grade science students who were
taught using discussion and hands-on activities in a clasg wiggriry activities dominated instruction (Carlisle,
Fleming, & Gudbrandsen 2000). Significant increases werredfa these students’ knowledge of topical science
vocabulary. Off-topic science vocabulary was includetiénatssessments and no gain occurred. They did,
however, measure an increased performance on a tegiplied problems,” which may have implications for this
thesis’ research. This study also determined that thie wazabulary knowledge a student possesses, the mygre the
will learn and vice versa.

Another paper establishes the usefulness of hands-eitiestby comparing them to instruction involving
no direct vocabulary instruction and glossary look-upageanied with using words in a sentence (Lloyd &
Contreras 1987). In addition to the fourth grade studentisttidly scoring higher on an assessment of vocabulary
knowledge, there was another interesting result. Arabgroup that received no instruction and the groupubed
the glossary and sentence-writing method had indistingblistyains in knowledge.

It should be mentioned, however, that not all resesschave had success with pre-teaching strategies.
One study involving 8 grade science students found no difference betweeriféicéveness of three different pre-
reading strategies: traditional glossary usage, detergndefinitions from context, and determining the
characteristics of words with a semantic map (Seb98t). Each group’s reading comprehension and vocabulary
mastery was indistinguishable from the others.

In a research review that summarized techniques usedctovieeabulary effectively in multiple
disciplines, recommendation were made to science tesafdrebetter vocabulary instruction (Harmon, Hedrick, &
Wood 2005). Providing more reading opportunities, teaching utaatexplicitly, using books that are below
grade level, and other tactics are cited as effecteans of teaching content-specific vocabulary.

Some researchers have found situations that seem tocenstadents’ abilities to perform in both science
and language when the science curriculum is allowed teeinée reading instruction (Romance Vitale 1992).
Students whose English classes were essentially cethkiith their science classes performed better on lesa T
of Basic Skills reading subtest and on the MetropolitaneM@ment Test science subtest. Incidentally, they

displayed a more positive attitude towards science anchgeadi



Also worth mentioning are the effects of changes in valea} instructional techniques on ESL students.
While my students’ primary language is English, | susgedtthey might feel otherwise when attempting to read
science text. One study involved sixth grade migrant sta@ktiran 1990). The teacher in this study was having
difficulty teaching the science curriculum prescribechby district and she felt it was due to the fact tioataf of
her students possessed an appropriately extensive vocabilemyng the vocabulary instruction of these students
had a pronounced effect on their class performance.sfilients’ class grades increased and their gaiessoora
pretest / posttest.

Conceptual Understanding

Some research states that it is probably not negessanderstand terminology or possess above average
reading comprehension skills to succeed in understandemgcecconcepts. If this is true, then this study is not
likely to discover a link between vocabulary instruction emaceptual development. A paper from more than four
decades ago describes a researcher’s attempt to anesgsessment for children that uses absolutely no words
(Haney 1965). Itis a test meant to assess a child’s stadding of animals. The fact that the researcher was
attempting to do so implies that they believe in a t#atorrelation between knowledge of words and knowledge of
scientific concepts.

More recent research has been performed involving a grdiffhajraders being taught the process of
photosynthesis (Brown & Ryoo 2008). Some of the studeats taught vocabulary relevant to the lesson followed
by lessons intended to explain concepts. Other studerdsavaght in the reverse order and everyday words were
used in place of technical ones until they were eventtalight. It would be interesting enough if the research
discovered no difference between the two groups, butabieplly found that the group who was taught using their
“content-first” approach performed better than the otheny

Another article describes the very low correlation gesms to exist between reading comprehension and
problem-solving skills in a group of physics students iadis(Koch & Eckstein 1995). In this study, researchers
deal with junior college students. Students’ reading compredreabilities were evaluated using assessments that
required very little problem-solving ability. Alstheir problem-solving abilities were assessed using igussthat
were easy to comprehend. The study determined thatthabilities are virtually independent of each oth®ne
intriguing bit of their study concerned students who coeddira passage and then, after completing the reading,

correctly identify information that was not in the pEgs. The students who were better at performing this task



performed somewhat better at the problem-solving itiesv In their conclusion, they decided that in problem-
solving it is important to know not only what is giv you, but also what is not given to you.

Not all research in this area has served to establatkaf correlation, however. A 1972 study involving
undergraduate students in an educational psychology course stadvgimilar groups of students have different
levels of understanding of the conceptual meaning of d when they receive different forms of instruction
(Anderson & Kulhavy 1972). One group was asked to read a wabeflistion aloud three times and the other
group was asked to create sentences using those same ®urdents then took a test where they were asked to
choose the sentence that best demonstrated the woedising. The researchers were careful not to usedite
itself or any substantial words from the word’s deforitivhen creating sentences for the test. Also, 8ie te
guestions were all norm-referenced against students sathe class that received no instruction of any sort.
Ultimately, those who created sentences significamttperformed those who repeated definitions aloud.

In order to assess students’ conceptual knowledge, sorsclesrs have developed assessment devices
that are now widely accepted as valid. One of the#ieei Force Concept Inventory (FCI) (Hestenes, \\W&lls
Swackhamer 1992). It has been effectively used on high sshateints and is meant to detect common
misconceptions held by student in introductory physics ceur§he questions on the exam are multiple-choice, but
are not easily answered unless the test-taker understemdsncept involved. The incorrect answers ardutbre
tailored to identify why students didn’t know the cotragswer.

Another assessment tool similar to the FCI behasesore of a measure of instruction. The Mechanics
Baseline Test (MBT) does not seek to identify physicscomceptions (Hestenes & Wells 1992). Instead, ittinies
assess whether or not the concept was learned.

A third tool, the Force and Motion Concept EvaluatiBMCE) was administered to introductory physics
students in college and helped establish the lack of m#eetss of “traditional” teaching methods in physics
(Thornton & Sokoloff 1998). In contrast, it helped show #naands-on, more interactive approach yields better
understanding of physics concepts.

This study also made use of practice problems for ABiphyests. Some of these questions are accessible
to the public and some are only accessible to teaché® courses. These exams are designed to evaluateavh
or not a high school student should be given college ciadittfoductory college physics and have been in use for

decades (AP Central).



Synopsis

In summation, the literature available suggests thantre a student is immersed in an activity, the more
he or she will learn from it. It would seem that Pigd®52) was right in his belief that a student learns bes
through personal experiences. Success has primarily beed With activities involving hands-on participation,
discussion, and the general application of something than superficial effort. When these sorts of chsuage
imposed upon vocabulary instruction, one can readily expdcdstidents’ ability to comprehend what they read
will improve. A connection between reading comprefmnand higher-order think abilities is lacking, though.
fact, there is convincing evidence that the two skiksdisconnected and that concepts can be taught witheout th
use of technical vocabulary. While it seems that sorcrease in ability will come from direct vocabulary
instruction when compared to indirect instruction, it doatsseem likely that the benefit will manifest if9ala

student’s ability to correctly answer conceptual questio@sphysics setting.



Materials and Methods
Subjects

The groups in this study were classes of high schooigshgtudents at a public school in Louisiana. The
students in the groups ranged in age from sixteen to tweatg in age, but all were classified as seniors by the
school. One of the groups in this study was composedufto nine students (one dropped at mid-year) and the
other group was composed of seventeen students. Botbsciassin the morning. The smaller class took place
between seven and eight o’clock and the larger ofibedok place between ten and eleven o’clock. Botlsekas
were of mixed gender and race. Both of the physicsetasere classified by the school as “regular” clastbis
means that the subjects all opted out of taking the AcbdhRlacement (AP) version of the physics courseleTab
and figure one show the differences in LEAP scorethietwo groups. The standard error in the table redeise
error in the average scaled score. The degree of fre@dfphas to do with the number of subjects involvethe
comparison. Lastly, p-values indicate whether or retikely that my comparison is made with an incorrect
assumption (null hypothesis). All comparisons in thislgtassume that the differences between two averages are
zero and a p-value less than 0.05 will indicate a flawdichgpothesis. Standardized test scores for the stugtents
one group were similar to those of the students in tier ot

Table 1 — LEAP Score Comparisons

SC?'ed Score Standard Error t (null: difference=0) df p-value
Difference
English 8 11 0.72 12 0.48
Science 15 16 0.97 9 0.36
Math 13 20 0.66 8 0.53
LEAP Score Comparisons
375
Math - Group 1

365 T
()
§ 355
" 345 26
5 335
S English - Group 2 1 §
% 325 T $
o 315 f Math - Group 2
® B &  Science - Group 2
2 305 English - G 1

nglish - Grou

< 295 g P :

285 Science - Group 1

275

Figure 1 — LEAP Score Comparisons
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Instruction

The two groups received differing vocabulary instructidhe two methods employed were direct and
indirect vocabulary instruction. Both techniques used smhpassages from a Holt Physics textbook, but the
implementation differed slightly. The direct instrocticlass was given ten minutes to paraphrase defigifoon
bold words located in the passages. The glossary ddfigiitvere located in the margins of the reading assignment.
A class discussion of individual student responses foliaive paraphrasing activity. The discussion lasted fi
minutes. During this discussion, students were asked tmeaiton each other’s work and the teacher gave general
advice to students wishing to improve their responsés ifidirect instruction group was asked, instead, ¢ty
read the textbook passages for fifteen minutes. In dodmovide similar amounts of motivation, students were
assigned participation grades for taking part in th@bolary instruction. The grade received for full papttion
in each group carried the same weight. The treatm@ntpplied one time for each unit of instruction inedlin
this study. In an attempt to control any effects dudatsscsize, the group that received direct vocabularsuictstin
for one topic invariably became the control group (ictiinstruction) for the next topic and vice versa.sThi
process continued throughout the experiment.

Assessment

Pretests were administered at the beginning of each Timé.questions for these tests were selected from
established assessment devices and were only modifted sense that they had been separated from thé tiest o
guestions in their original assessment device. Eatlfedix pretests consisted of three of these questiaept
for the momentum pretest (two questions) and thegretdst (four questions). Within the first couple ofslafy
instruction the classes received their vocabularyuegon. At the end of each unit’s instruction, a pEstthat was
identical to the pretest was administered. Studentsgieea as much time as needed to answer questions on the
pretests and posttests. At no point were the answenrsy pretest or posttest discussed in class and afl oth
assignments took place for similar amounts of timeimilas days. If either class was disrupted by a laigje frip
or assembly, then the other class was allowed fnee tib study for other classes in order to compensatbd
difference in instruction time. Also, no aspect of ragutstruction was tailored in order to “teach to tret.telt
was as though the teacher forgot about the existerthe pfetests and posttests until it was time to adteini
them. Each class received identical participation grémi@aking the pretests and posttests in an attempt to

equalize motivation.



Topics

Students were acclimated to the pretest-posttest procélavghout the beginning of the school year
(pre-November). Three pretests and posttests were athragisiuring that time. Results from pretests and
posttests for kinematics and Newton’s laws of moti@ne not recorded for this reason. The first unihsfruction
for which data was recorded dealt with circular motion §fructional days). After that, angular kinematics (5
instructional days), conservation of energy (13 instoueti days), conservation of momentum (8 instructional
days), heat transfer & calorimetry (16 instructional Jlagmsd simple harmonic motion (6 instructional days) was
taught. Each unit’s instruction was generally similane Beginning of each unit involved a day or two of note-
taking and discussion. Following that, students were shmw to solve word problems and given opportunities to
do so on their own when they were comfortable enouglo 0. Further class discussion and lecture occurred
when needed (as determined by teacher). The testadbrunit were made from problem-solving questions that
were similar to those practiced in class. The pteted vocabulary instruction required 20-25 minutes angdste

test required 5-10 minutes.
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Results and Discussion

Student responses to pretests and posttests were retoedspreadsheet and numbers of correct responses
were tallied for the pretests and posttests. Cakmliigains are normalized. This means that, insteactofly
subtracting pretest scores from posttest scores (eonh#tat produces the raw gain), the realized gain has bee
divided by the possible gain to get a ratio known as thea@ed gain. Obviously this value will, at most, be
equal to 1. This causes a problem when a subject scofestiyson a pretest. A perfect pretest score leads t
possible gain of zero and a normalized gain with a denomiobfaro. Only one student received a perfect score on
a pretest so a negligible amount of data was lostalties effect.

The Welch t-test was used in all t-test analysis. dinslar to a paired t-test, but assumes that the two
sample means have a different variarge (What is noteworthy about the test is that the stahetaor in the mean
(which ultimately affects the t-value) and effective degref freedom are dependent on the variance of both
samples. Also, the test’'s assumption of normaligdn®ot be true in order to establish whether or nonteans
are similar. The formulas used to calculate the staretand and the degrees of freedom are located in appendix A
of this thesis. The t-value and degrees of freedomraddlavhen using this test can be used to obtain a p-vakie (t
probability that rejecting the null hypothesis would bepimect). All significance tests in this thesis wpeeformed
with an alpha of 0.05. This means that a given null hygthveas rejected only if the p-value was less than 0.05.

In order to determine whether or not a bias existéddrability of the two groups’ to answer the questions
on the pretests, a comparison of pretest scores wisrped for each topic. In an attempt to increase group
homogeneity, students who were not present each dagtadiction were not included in this analysis. This netho
will continue to be used unless stated otherwise. dfgsoup had an advantage over the other, the difference i
pretest scores would be something other than zero (ypotinesis: group 1 — group 2 = zero). The analysis is
displayed in table 2 and figure 2:

Table 2 - Group Bias Analysis

Difference Standard Error .
t (null: Group 1-Group p

(Group 1 - of 2-0) df (two tail)

Group 2) Difference -
Circular 0.31 0.34 0.91 14 0.38
Angular -0.43 0.26 1.7 13 0.12
Energy 0.17 0.37 0.45 8 0.67
Momentum 0.18 0.29 0.62 6 0.56
Heat 0.2 0.37 0.53 6 0.61
SHM 0.37 0.33 1.1 8 0.29

11



Group Bias Analysis
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Figure 2 — Group Bias Analysis
No bias can be claimed to exist for any test sinch pa@lue was larger than 0.05. Next, the average
normalized gains for each group were compared andseklsplayed in table 3 and figure 3:

Table 3 — Change in Normalized Gain Scores for Each Unit

. t (null:
Mean Difference Standard Error difference=0) df p
Circular -0.10 0.18 0.55 8 0.30
Motion
Angular -0.09 0.23 0.39 12 0.35
Kinematics
Energy -0.06 0.37 0.15 9 0.44
Momentum -0.07 0.30 0.23 7 0.41
Heat 0.48 0.14 3.6 7 0.0046
SHM -0.07 0.22 0.30 7 0.39
Change in Normalized Gain Scores for Each Unit
0.8
Heat
T 0.6
| 0.4 '%
Energy L o
- °
: 02 9
Circular =
f 0 E
[}
| 025
1 <
Angular i SHM 04
- Momentum )
-0.6

Figure 3 — Change in Normalized Gain Scores for Each Unit
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The mean difference for simple harmonic motion, monmmangnergy, angular motion, and circular motion

are all consistent with zero since the p-valueshiosée topics are all larger than 0.05. The heat comparigs) dio

the other hand, show a significant gain with a p-valuetless0.05. In an attempt to better understand the

significant difference in gains during the heat unit, gdim individual pretests / posttests were analyzdte T

results for direct instruction pretests / posttestsratable and figure 4 and indirect instruction resultsratable

and figure 5:
Table 4 - Normalized Gains for Direct Instruction
Mean Standarc o
Gain Error t (null: gain=0) df p
Circular -0.08 0.17 0.50 7 0.32
Motion
Angular -0.14 0.13 1.7 12 0.056
Kinematics
Energ) 0.0C 0.2¢ 0 5 0.5(
Momentun -0.17 0.17 1.C 8 0.17%
Hea: 0.48: 0.08¢ 5.7 4 0.002:
SHM -0.067 0.07¢ 0.8¢ 9 0.21
Normalized Gains for Direct Instruction
0.7
0.6
=
®
& 0.5
3 0.4
N 03 ) Heat
®
£ 02
2 01 - _ _
° Angular Kinematics Momentum SHM
o 0 - ¢ R
S o1 7Y *
g™ ¢ 1
< -0.2
I L
-0.3 - - =
Circular Motion Energy
-0.4
Figure 4 - Normalized Gains for Direct Instruction
Table 5 - Normalized Gains for Indirect Instruction
Mean Gail Standard Err¢ t (null: gain=0 df p
Circular 0.013 0.055 0.23 12 0.41
Motion
Angular -0.23 0.18 0.78 6 0.23
Kinematics
Energ) 0.0¢ 0.2¢ 0.2¢ 5 0.41
Momentun -0.1C 0.2¢ 0.41 4 0.3t
Hea 0.0C 0.11 0 4 0.5(
SHM 0.0C 0.21 0 6 0.5(
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Normalized Gains for Indirect Instruction
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Figure 5 - Normalized Gains for Indirect Instruction

All p-values for the normalized gains in indirect imstion are larger than 0.05 and cannot be distinguished
from zero. Within the direct instruction groups, altloé p-values were larger than 0.05 except for the héat un
Its p-value was below 0.05. This result supports the eanaysis showing a difference in gains between groups.

Differences in raw gains for individual questions anmpared below in an attempt to find out what factors
led to the gain on the heat test for direct instractitudents. Raw gains were used since any correcssmotae
pretest questions would lead to invalid normalized gamgyfily half of the data would be lost). Results atbén
following table:

Table 6 - Individual Question Raw Gain Analysis

Gain Standard . -
Differences Error t (null: direct — indirect > 0)|  df (ong-tail)
Circular— Question -0.3¢ 0.1¢ 1. 9 0.05:
Circular— Question 0 0.2t 0 15 0.20
Circular— Question 0.2t 0.1¢ 1.t 7 0.08¢t
Angular— Question -0.2¢ 0.3t 0.7C 7 0.2t
Angular— Question -0.0¢ 0.1 1.C 12 0.17
Angular— Question 0.1 0.3¢ 0.4i 10 0.3:
Energy— Question 0 0.37 0 7 0.5C
Energy— Question -0.17 0.2( 1.C 5 0.1¢
Energy— Question 0.17 0.4: 0.4f 8 0.3¢
Momentum- Question 0 0 - - -

Momentum- Question -0.11 0.41 0.3( 7 0.3¢
Heat— Question 0.2(C 0.2(C 1.C 4 0.1¢
Heat— Question 0 0.2¢ 0 8 0.5C
Heat— Question 0.6( 0.24 2.4 4 0.03¢
Heat— Question . 0.6( 0.24 2.4 4 0.03¢
SHM - Question 0.1 0.2¢ 0.4 8 0.3¢
SHM - Question -0.1¢ 0.3( 0.61 7 0.2¢
SHM - Question -0.1C 0.1 1 9 0.17
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Each individual question’s p-value was greater than 0.0%efkamequestions three and four on the heat
test. Student responses to question one on the momestutidteét change at all and no student correctly answered
the question. Since this leads to a standard erzerof the t-value was impossible to calculate (t-vadwes
inversely proportional to standard error).

A quick look at the questions on the heat test wikked reasons for the lack of raw score gains on
guestions one and two. Pretest scores for questioshavethat four of the five students whose responses we
used in the direct instruction data were correct girbeith and didn’t change on the posttest. It is difficalt
measure a gain if students already know the answer. iQuesb was the only question on the test dealing aith

phase change while the rest of the questions dealt onlytemitherature changes.
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Conclusion

According to the data analysis in the previous secti@type of vocabulary instruction a student receives
does not generally enhance their ability to understagsigghconcepts. The study does suggest, however, that
direct vocabulary instruction had a positive impact orstiigects’ ability to correctly answer conceptual tjoes
on the heat test. The two groups taking the heat tdstiped similarly on their heat pretests, but thedtire
instruction group had a non-zero normalized gain. Swuhbjeckiving indirect instruction, on the other hand,
achieved a normalized gain on the same test that wadrigdishable from zero. Analysis of individual question
raw gain score differences shows positive gains on twledfour questions on the heat test. The two questions
the heat test that didn’t show a difference in gaimescavere either too easy (the students already kneantveer)
or they dealt with a concept that was different fromdbrecepts in the two questions that showed a gain. All of
these things support the possibility that students beedtfitom direct vocabulary instruction within this topic.

There are, however, factors that cast doubt on theyegains and differences in gain scores. The sample
sizes used in this study make results difficult to trustifersame reason that a possible outcome is much more
likely to occur five times in a row than it is to occ@0 times in a row. The possibility that the positiviagare
due to chance can only be proven or ruled out with moreiexgetation or experimentation with more subjects.
Also, the amount of instructional time for the heait was longer than any other. The longer instructiana t
allows students to, by chance, have life experiencesdtiidd affect their posttest scores. This study’s ssaafiple
size exacerbates this potential effect. A coupleudfestts in a group of 100 who perform better due to some
enlightening life experiences will have a much smallfrcefon average gain scores than in a group of five. Also,
the large amount of time between pretest and postitests the teacher more opportunities to unwittingbke
mistakes when attempting to administer non-vocabutestyuction in identical ways. Lastly, the results for
guestion #1 on the momentum pretest / posttest suggesidhgiestion is poorly worded or misleading. With
eighteen total questions, it seems likely that other questiould be flawed in some way that data analysistdidn’
make obvious. Any future experiments should decrease thardof time between pretests and posttests and work
with larger sample sizes to rule out such possibilitiegrene care should also be taken to ensure that the

assessment devices used are as reliable as possible.
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Appendix — Welch t-Test Calculations

Calculation of standard error for two samples:

SE. = 3/(SE,)? + (SE,)?

Calculation of effective degrees of freedom:

_ ((SE1)2+(SEp)?H?
af = (SED* (SEp)*
ni—1  np-1

SE = the combined standard error of the two samples
SE, = the standard error of sample one

SE, = the standard error of sample two

df = effective degrees of freedom

n; = number of subjects in sample one

n, = number of subjects in sample two
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