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ABSTRACT .

Susanne Casey ,
_ FORMATIVE ASSESSMENT
THE EFFECT ON ACADEMIC ACHIEVEMENT AND ATTITUDES TOWARD
. SCIENCE
- 2004/05
‘Dr. Catherine. Yang ‘
Master of Arts- Subject Matter Teachlng Phy51cal Smence o
“The pufpdses of this study wer‘e't‘o (a).determ_ine‘if the use of formative asses‘sment in
the science elassfeom impre:ved aeademic v’aehie,vemeht ina group of niﬁth _grade honors
level students; and (b) determine the effect of forméfive ésises'sme’n"tﬁdnr the attitudes these
students have toward science. Data was_collected: fr(jm:it'wo control groups (N=24 and
- N=26) and the eXperimenfal,,compafiSQn group (N=28). S_t'u.de\nts' were administered two
- Likert-type surveys, an at‘titude"'sﬁ_rVey end a causal attribution survey. Each survey'vwas‘
given at the start of the eXperirr_ienf and again at the end .of the experimeﬁt.. Summative
test scores were also collected over the course of the investvigation;. The mean and
standard deviation for sumrﬁative fest scores were compared.' Analysis of the attit@ide'
surveys was done using an ‘independent-sample t-te_St and a Bonferroni One-way Analysis
- of Variance (ANOVA). While the 'analj,'fs.is' of summative test scores did not show an
overall increase in scores, there .Was a narrowing of the gép between high and low

achievers. which may demonstrate a relationship between achievement and formative

~ assessment. Most results of the attitude -and causal attl*ibution surveys were not



statistically signiﬁcant. The attitude survey showed a possible relationship between the
use of formative assessment and impfove_d attitudes thard the useﬁllness. of science.
Results of the causal attribution survey showed a possible relétionship between the use of
formative assessment and the attfibution of success in science td ability and effort. These

attributions are associated with facilitated learning experiences.
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| ; Chapter l
INTRODUCTION

Statement of the Problem .

F ormative assessment 1s a practice in which constructive feedback is frequently given |
to students. Feedback may come from the teacher other students or self-reﬂections ln
order for an assessment to be formative, it must be useful in‘improying the teaching and
~learning process. ,Currently, most educational systems emphaSiZe summative assessment.
This type of assessment eva'luates leaming'at a particular point in time, perhaps the end of
~ a unit of study or the end of a semester. Summative assessments offer minimal

opportumty for 1mprovement 1n teachlng and learnmg An extensive literature review -
'summarized by Paul Black and Dylan Wiham s “In51de the Black Box Rarsmg Standards
through Classroom Assessment” (th Delta Kappan October 1998) discusses evidence -, .
'that formative assessment raises achrevement overall Summative tests place an empha51s
on\competition and numeric grades’ as opposed to adviceand learning. o

As the quantity of scientiﬁc knowledge increases, it is'ap‘par’ent that science students

need to shift their foCus. from pa‘ssing‘ atest to learning-to_ understand.' It 1s Virtually _

. impossible to remember the amount of -factual knowledge a\'zailable,.bUt necessary to -

" learn to understand' major concepts so that they may bei applied to real-life situations.
According to Sadler (1 989) students must take actlon to close the gap between what they |
know and what is expected Teachers can aid students in this process by prov1d1ng v

opportumtles' for formative assessment.



Purpose of the Stﬁdy

The pﬁfposes of this study wéré to d‘eterrnine.if the use of formative assessment in
the science classroom imprqved é‘cademic.- achievement 1n a group of ninth grglde Honors
level stﬁdents (N¥28); and to déf[ermine the effect»of forjmative aéééssr'nent on the
aftituaés these students héve tobward séiénce._

Research Questions
In érder to déterminc if a relationship exists between the use of fo'rmativ_e‘
.assessme'nt and improved aéademi’c achie,ve_mént"and attitudes toward science, the
following questions wcre.de.'velopcvad:
1.. Will t_he use of formative assessmeﬁt in the scienéé classroom
enhance écadenhl.iéiachie\;ement as shown through an incréase overall
in summative assessménﬁ scores? |
2. Will the use of formative assessment in the‘ sciencé classroom
improve achievement as shown tMough naljrowing the gai) between
“high and iow achievers?
| 3. Will'the use of férmative assessment improve attitudes toward
science as shown through staﬁsti_cal analysis of attitude and causal
attribution sﬁrveys‘:? | |
These 'questioné gﬁided .thev'dve‘velopment ofa quaﬁtitative study emplloying
Likértétypé attitude and attrjbution instrument scales as well as analysis of sumﬁative test

' scores. Because the sample was not randomly selected, results from this study cannot be



'generalize‘d to the population. Descriptive statistics were used in order to summarize

typical characteristics of this particular group.
Operational Definitions

The following definitions are given to provide a context for the reader.
1. Achieyement' |
Abi.lity to demonstrcte accomplishment in learning. This study compared
sninmaitive ass_e:ssmcnt scores.of the conirol to the comparison gfoup in order to
detefminc w}iéther an increase in achicvenient exisfedt |
2. Formative Assessment
Any activity e_mployéd'by ihe teacher or the Stndenf to ir.npro_veb ihe teaching and
the.learning'. The strategies of formative assessmcnt in this stud‘y included
: conlment_-only morking, increésed wait time, discussion oased on common
eXpei'iences,'and self-assessment. |
3. Attitude
'_Piedisposition to rcspo'nd fa?ora_bly or unfaVorably to“an object, group, or place.

" Generally predicts _bchai/ior,'likés and dislikes (McMillan, 2000).
e ﬁypofhcsis

It is hypothesized thatthe incorporaﬁon'of formative assessment into the physical

science classroom will improve academic achievement and attitudes toward science.



éhap’ter 2

REVIEW OF LITERATURE

Formative Assessment

Assessments are used in schools for a variety of reasons. These assgssménts may be
formative or summative in.nature. Summative assessments are often empibyed at the end
" of a semester or a unit of study. These assessments are used to indicate a ranking of
students within a claSs or to 're_:ﬂecf a level of uhderstanding that students may have of the
material. Results pf summative assessments are also u-sed by teachers in planning future
course organization. Dixon-an_d Ecclestone (2003) stated that the purpose of -summativ.e
~ assessment Wasbto p_rbmote and accredit competeﬁce. According to the National Research
Council (1996), stat¢ and nétionﬁl summative assessménts are given for the folloWing
reasons :

1. | Ranking of publi;: elementary and secqndary schools |
2.} Decision making about state and fedgral monetary ailbcations
3. Coﬁtinuing ac‘ac_:ie.rr;ic’: c.ertiﬁcation |

4. :Determining tea_chers’ salaries



The data from these standardized summative tests can, however, be used in a formative
manner. Results of these tests, for example, may allow students needing special |
" instructional programs to be identiﬁéd. Also, thé testts can serve as a means of
accountability for taxpayers regarding the use of public'fu'nds. o

Summative assessment practfces do not focus on leafning, but rather the assignment of
a final grade, leaving no room for improvement. Tlﬁs has l‘ed.to a competitive
environment with er_nphasis beiﬁg pla;:ed.m'o're héaviiy 611 i_‘e"l.iability‘than Validity'of
’asSessmeht (Dixon & Ecclestone, 2003). Summative testiﬁg emphasizés >the teacher’s
managerial role of numbers being placed on student records rather than the teacher’s role
as a guide to Iearning; This leads studenfs to focus more on competition as opposed to
mastery. When the focus in the classroom is a grade, students invest more interest in
finding ways to obtain the best marks and less inferest in improving their learning (Black
& Wiliam, 1998). While summative assessments are useful for some purposes, they offer
minimél opportunity for students to improve their learning. Low;achiéying_ étudents_ come
to believe that they are not able to learn. They attribute their failure to a lack of ability
(Vispoel & Austin, 19955. |

Assessmgnts becomé formative when the information received is used to édj uSt the

instrucﬁon to improve learning. Fdllowing an extensive review of research, Black ‘and ‘
Wiliam (1998b}) deﬁnéd formative assessment as |

| Alllth'ose activities undeﬁéken by teachers and/or by their étudenfs which prov_ide

| information to be used as feedback to modify the teaching and learning activities

in which they are engaged.



- Feedback shohld focus on inf_oﬁning students of what they can :dob to improve. It

shoul_d not encourage students to compare themselves.
- Support of Formative Assessment

The King’s-Medway-Qkfordshife Ferﬁative As‘s‘éssment-vPbli‘oje-ct, fun‘déd by the
' N'ufﬁeld.Foundation. and fhe National Sciencé Foundét_ion, bfdyid%:d ef;fidenpe,fhét
forﬁqatiyeaéseésmént bbsiti'vely impaéts extgfnal asséssmeﬂts (William, Lee,_I_.{Aéirvris‘o_nv-,:& : .
Black, 2'004.). This’study. offereq SQden and guida#ée tq twenty-four in;th‘:aﬁd “vs:ci.ejn'ce . )
_ t_e?éhérs iﬁ"ir.xcorp(.).ra.lting forrﬁatiifé ass.e‘s:srﬁénf 'i_hté their c.;‘lvavs‘vsfoomis{.‘ P’érf(:)f_maﬁce of"the o
formative ‘asv.sessmen“c g..ro_up_:s Was coméared with performance of parallel groups of
' stﬁdentsf'wh.o fécéived traciiﬁéﬁal sum‘mat'ive "aséeésﬁ}e'nts"ldniy. Teé;chers, invglx'led-i_n'thc |
stu.dy.\).!ére. jﬁtfodu(::e'ci :[O 'tl'le pr_inéiples of*fbﬁﬁg{i'vé -éssés’sﬁcﬁ}, ~b1(1“t.ven;:0ura-ged £0' T
E , develoé théir ovjVIilipla‘n given the cOmpiex%ty of, lndlwdual classroom én{/ironﬁaehts. 3

3 Te'achér§ wer‘é“sunppoi"tuedwlit‘h in¥servi§e§; Qbse;vé;tiqn's7 'éﬁd"ais;uésions ﬁith_ the plidj.ect_
sfaff.,Conclusipﬁs about stﬁdént lgafniﬁg w'ere l.)vasedl;)"nué(_‘)mvpafis;’)ﬁs of school-

. 'édmi_nisféred as,séssinéﬁfcs that were given Q;fér the 'c‘oursle of the yeaﬁ as \izvellf as ‘riatio'nal _
| fe"ésts; Whiie the fés_e.:arc'llneré acknowledge'd tlllat‘qvuanti’tat'i\’{é data 1n this tybe of study was
di'f"ﬁcult. to interpret, the inyestigétiondid provide evideﬁc_é that fgﬁhative assessment
: prod}lc;éd impfovgd oﬁféomes.a_s shown in e'xterlnally‘ administeréd asses_smeﬁts (Wiliam,

et.al, 2004). - |
In reg:erit ye.érs the amount of.-fagtﬁél information a\'/a'ilab:.le‘ for sthdehts to learn has

- exponentially incféased. This is especially true in the field of science. Bécauée of this



ther.e4ne‘eds to be a greater emphasis on tile type of learning that will enable students to
apply knowledge to hew‘circumst_rances rather than learning facts that are applicable only
to situatiohs s.peciﬁc..avlly learned. it has become important that students leﬁrn not for the
purpose of achieving a high score ona test, but that they learn for understanding (Harlen,
1997). As noted by Crooks (1988), detailed factuai knowledge deéays rapidly unless it is
used or restudied. When a concebt is learned with understanding,. it can then make sense
ina person’é real-world experiences.
Learning with understanding rﬁeans' more than simply learning enough th answer a

- test question correctly. An investigation by Nuthall & Alton-Lee (1995) studiéd how
science and sociél studies students ansWered achievement test questions. The students
were tested before a unit, immediately after a unit, and again 12 months later. After
extensive observations and student interviews, it was .reported that students using their
memory of relevant classroom activities to answer the same test que;stionsl 12 months
later:decreased from 52% to 32%. The fréquency in which students used deductive
reasoning from related knowledge or experience increased 12 months later from 13% to
24%. This'sfudy showed that as memory fof specific classroom experiences fades, the use
of other related .experiencgs and knowledge beéomes more important. While the authors
of this investigation"acknowiedge that their results are not intended to be generaliied to
all studeﬁts, they note thajt their results suggést “student learning experjences are the

‘major detérminant lof how students answer achievement test items and not the content of
the item i;QSelf (Nuthall & Alton-.L’ee,l 1 995, p.220).”

' ‘Lowcr _achieving stﬁdents appear to benefit the most from formative assessment

(Black & Wiliam, 1998). Achievement for this population is raised overall, but the raﬁge



, of achlevement 1s reduced | Formatrve assessment narrows the dlfference between the
lowest and the hléhe'st summatlve scores Feedbach to a student that cons1sts of only a
'grade does not 1mprove learnmg Students that get 1ow marks come to, beheve that they '
wrll get low marks agam Thls negatrve cycle of repeated fallure becomes a belief shared
by both a student and a teacher (Black & tham 1998) Formatlve assessments altow
low achlevmg students' to 1mprove with effort rather than be stuck ina cycle ‘of failure
due to the presumptlon of lack of- ab111ty (Boston 2002) Students that feel they have a
lack of ability become dlscouraged and “then unw1111ng to engage in further learnmg
| (Ames 1992). | | |
| Attrrbutlon theory of achrevement motrvatr‘on has been used to. study the perceived.
factors leadmg to success or failure. Human bemgs yvant to ﬁnd out why certain events' '
occur (Vlspoel & Austin, 1995) People tend to look for percelved causes of unexpected ,
'successes or farlures (Wemer 1979) Wemer has identified several causal attributions, -
ability and effort being the most common. Other causal attributions rnclude luck interest,
strategy, task difﬁculty, family influence, and teacher influence.

Weiner deVeloped a 'classiﬁcation sys'te,m.. based on.. three properties . of causal
att'ributions- locus, stability, and control. The Iocus of causality is the source of the
attribution. Locus can be internal, meaning the ‘source of the attribution is characteristic
of the rndividual, or it can be external, meanin'g. the source of the attribution is unrelated
to the individual' Ability is an'lexample of a causal attribution With an internat locus of
- causahty Ability is characterlstrc of an mdrvrdual A poor teacher is an example of a

causal attrlbute w1th an external locus; it is unrelated to the 1nd1v1dua1



Stability, the second property of causal attributions, refers to thev duration of the
attribution. A causal attrlbutlon such as abil1ty, is con51dered to be stable, meanlng that it
isa ﬁxed attribute over. time. Effort is regarded as an unstable attribute belng it can vary.‘
from one task to another | | | |

The third property of causal attr1but1ons is controllabillty Controllabillty refers to the
degree of control that an 1nd1v1dual has over a causal attr1but1on Hard work and effort are
_controllable d1mens1ons of causal attributlons because they are presumed.to be under
_' control of the student. Ablhty, _on the other hand, isnota controlled causal attr1but1on. :

Academic motivation is ‘affe'cted " by students’ - beliefs of causal attributions to
successes and fa1lures in school Outcomes of success and failure do not result in the -
same attributlons (Vispoel & Austin 1995) Typically, students take more personal
respon51bll1ty for success than fallure Successful outcomes are ‘more often . attrlbuted to
internal locus attrlbutes such as effort and ablllty Poor.outcomes are often attrlbuted to

_external attributes such as difﬁculty'.and luck.

High-achieving students are more likely to note ego-enhancing attributes of al)ility and
. effort to account for success These students tend to attr1bute fallure toa lack of effort.

- Low- achlevmg students are more llkely to' note ego- d1m1n1sh1ng attributes of external
factors to’ account for the1r success and low ability to account for their fa1lures (Vispoel &'
'Austi'n, l995)‘ Some attr1«but1ons facilitate learning and someattrtbutions diminish

. learning. The fo_lloWing table explams ho'vtf attrihution responses are interpreted in the

 dimensions of locus, stability, and control. 4



Table 1: Di_tnension ClaSsiﬁeatidn Scheme for Causal Attributions

_ Dirnension"
Atmbution  |Loews [ Swbility | Controllability
o At)tlity ' lnterr.tal‘ — _v Stable . Uncont‘t'olvla.lb]e' :

Effort ‘. | - B Internal - . Unstable ‘.~_ — . -‘ Controllable
Strategy w - | Internal - — L Unst’able I Controllaele . .

. Interest‘ — o lntevma:tl“ _ l S ( | Unstable ~ .~ T ‘Controllable

‘ Task dlfﬁculty . Extetn'al T . Stdble v . R 3 Unc_ontrollabyle B
Luck . .. ) - -.Extemal _ . Uusteit'brle':~ . : Uncontroliable -
Family inﬂuene’e_: g : Extemal" — ) Stable' . - B | _Uneontrolleb’le
Teacher influence -~ ’ Exter:nal.. . "'Stable — — o :Uncontrol}ab}e"

Table borrowed from Vispoel & Austm (1995). Based on Wemer (1979), Ehg & Frleze (1979) and
Russell (1982).

Internal attrlbutes- ab111ty, effort, lstrategy, and interest produce more prlde 1n success’
~ and shame in fallure than do the external attrlbutes- task dlfﬁculty, Iuck famﬂy and
teacher influence. Stable attributes-, abjlity’,- task difficulty, family and teacher i.nﬂuenCe |
' .produce d gréatet expectati_onallcertetinty than do thevunstabl_e atttibutes- effort, strat_egy,
interest, .and'lu_ck. This means that students ate'. rrtore likely to continue 1n a set path, -
'whether'it is success oi:fa'ilure," if they al_iAgn the stan_le attributes with tht:ir outcomes.
Students that correlate co.ntrotlable'attributes txfith their outcomes are more likely to be |
perststent and snow Stronger affective reaction than other bstudents.

As noted in the 1mphcat10ns ofa study performed by Vlspoel & Austm ( 1995)
teachers need to assist students in ﬁndlng ways to overcome the negative effects of ability -
.a.ttr_ibutions associated with failure. SueceSsﬁll stude_nts that attribute their.success to.

stable attributes are more likely to continue to be successful. But the students

10




enéountcring failure who attribute failure to stable attributes are likely to continue to fail.
The teacher and the student start to expeét the continued rllegat‘iv'e outcome. Two.of the
suggestions made by the authors to overcome the negative attribution tendencies support

the use of formativerassessme‘nt. .
1. Stfucture the classroom around task—driented or group-oriented goals that
. emphasize learning progress or mastery rather than ego goals that emphasize
- competition among students. | '
2. Encourage students to conceptualize ability as a collection of skills that_ may
be continually improved over time.

'Framework for Formative Assessment

A framework for developihg formative assessment is described in Classroom.

Aésessmént and the _Nétional Science Education Standards. The.'primary questions that |

govern forfnative assessment are as follows. | | |
1. ‘J{/.her_e' afe' you going;? |
2. Wﬁere are ydu ﬁdw?

- 3. How can you get there?’ _'

:1'1 g



.Educators and students must evaluate where they are going. In vt.he field of science,
learning for understanding is the goal. It is v1rtually 1mposs1ble to memorize the amount
'of knowledge currently available. Tt is by far more useful for students to thoroughly '
understand major concepts 'so that these concepts ‘might be applied to real-world
situations. On a s‘maller._ scal‘e,. students in -an individual classroom setting must
“understand the learning goal's of each course. It is iinportantthat teachers have clear ideas
about performance criteria and clearly frelay' that inforrnation to the students prior to
assessing work. As noted by Sadler (1989) students must understand what constitutes
quality work. The student must identify vquality work in a similar manner that the teacher
| would identify quality work. |

~ Before educators and students can proceed, they must deterinine their current position
in the learning process. Time must be .taken to evaluate not only the student’s current
level of understanding of concepts .but also the teacher’s current practices. As information
is gathered, it is not unusual for goals to be changed based on this information.

When the current levels of understanding and methods ofl teaching are evaluated, a
plan can then be developed to ensure that all students are given the opportunity to learn
for understanding.

Each step of this framework can be achieved by incorporating methods that support
formative assessment. These methods include:

| 1. Comment-only marking
2. Increased wait time
3i Discussion based on common experiences

4. Self-Assessment

12



Comment-Only Marking

Feedback to a student regarding academic progress traditionally comes in the form of a
letter or a numeric grade. Although this is fhe most common type of feedback, it is not
necessarily the most useful type of feedback. A letter or numeric grade does not help a
student understand a concept more thoroughly. Comments, however, may indicate
actions that a student can make to close the gap between the current level of
understanding and the educational goal. Research supports the use of descriptive,
criterion-based feedback as opposed to just a grade. A study conducted by Butler (51 987)
involved a random sampling of students and observed outcomes when the students
received one of three types of feedback: (a) written remarks addressing criteria the
students were previously aware of, (b) grades based on the scoring of the work, (c) both a
gradé and a comment. Scores on subsequent work increased for the students who
received detailed comments. Scores declined for the students who received both
comments and grades. The scores initially declined for the students receiving only
numeric grades, but then increased between the second and third assigned tasks.

Another study performed by Crooks (1988), showed that when assessments count
significantly toward a student’s final grade, the student tends to ignore the feedback. This
effect is reduced if students are given several opportunities to demonstrate their
knowledge with only a final assessment counting toward their grade.

The research by Butler and Crooks is important to consider with respect to current

research in attribution theory. Feedback that emphasizes learning goals as opposed to

13



) self-'este‘em ‘leads’ .to-greater learning' gains lAmes 1992). When feedback emphasizes
N self-esteem h1gh-perform1ng students attrrbute performance' to . effort whrle low—
"pe’rformmg student attrrbute perforrnance to’ lack of ab1l1ty (Vlspoel & Austin, 1995) |
Students that perform poorly begrn to bel1eve that they are only capable of performmg
“poorly. ! Comments enable the students to focus. less on competltlon among thelr grades.
~.and to focus more on .improvmé the ,.qualrty of their work. ,
l”he most useful type of feedback to a student prov1des specrﬁc 1nformat10n about
errors and methods for 1mprovement (Boston 2002) This type. of feedback enables a
.student,to focus__on unders_tandmg. a concept as opposed to simply giving a correct
answer. Research shows that learning can be enhanced lthrough.'comments» alone being
placed on Student \york, but students ‘ignore" the comments when accompanied by a
numeric grade (Black et al. 2(l)02);‘1 Comments-should indicate what was done well, “that :

" needs improvement, and guidelines by which to make the improvements.
Increased Wait Time

Classroom discussions are useful for teachers to 'evaluate students’ current
understanding of concepts The frequency of teacher questronmg has been shown to be -
positively related to student ach1evement (Crooks 1988) ‘Teacher questioning should
~encourage active engagement of 'all students,‘allow students to practice the material and
enable students to clarify misunderstandin_gs_,- A frequent problem 'With classroom
discussions is that teachers ‘ofte’n'- do not 'allow enough time for students to forrnulate a‘

th_oughtful answer (Black &‘Wiliam;b-l9f98). Often teachers answer their own questions
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rather than allowing a few mdments of silence for stud‘eﬁts to think. This lack of time
results in the teacher asl‘(i‘ng éuestions )th_at_req_uvire‘ little thought, with only a few “quick
thinkers” participating in tl“vl'e‘ciassroom diécussions_. |
| Many methods may be | u_sed to éllow_ -‘;ime for all étudents to formulate a-

.thoughtful response to a question. Students coﬁld'ﬁe asked to write a response that can -
later be shared with the class. S"t.ud‘ents__ coul_cé bé givén tirri_e», to discuss solutions in small
groupé gnd then designate a ’spbkesperson for each gréup to"relay‘ their understanding.
Teachers also need to take the time to formulate quééinns that are worth asking (Black et
al., 2002). Questions shduld allow s{udents to o'ffer.rich' éxplanatio'ns, not one-word
responses. The goal of increased wait-time’is ‘not to encourage studen.ts to get the right
answer the first time, but rgther to get all students to offer thoughtful responses that could
be. used. to enhance learning. It is important that the classroom enviroﬁment allow -all
students the time andn opportunity to. ‘express their understanding through classroom
A con’versﬁtions. |

The project, Science Education thfough Portfolio Instruction and Assessment
(SEPIA), described the use of aséessment conversation (Duschl & Gitomer, 1997). In this
study, assessment cohversation waé used to formulate student understanding of key
concepts. The findings were then used to adjﬁst theAinstructional lessons so concéptual
goals could be achieved. Because these_assessménf conversati(;_ns are used to adj'ust
feaching and learning, they can be considered forniétive assessment.

Assessment .conversati(-)ns occur in three _genelral_ stages (Duschl & Gitomer,
1997). The first stagé is “Réceiving Information.” It is in this stage that a public display is

made of current conceptual understanding. After a question is posed, a diversity of
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responses is encOuraged and‘then presented to the class. Public displays rnay be made
through conversations overheads posters charts or. any other method that allows
students to express and display the1r current understanding
| ‘The next stage'of «asse'ssrnent conversatloniis “Recognizing lnformation.” It is
] durrng thls stage that the teacher must acknowledge the 1deas in the classroom in relat1on
to the umt of study (Duschl & Grtomer 1997) Tradltronally, responses that stray from
the “best” answer are quickly constralned In the assessment conversatlon method, these
'dlverse answers are clar1ﬁed through recognltion and d1scussron | |
The last stage of as‘sessment conversatron is “Usmg Informatlon "In this stage the }
' teacher uses the dlverse 1deas presented by the students in-an etfort to form a consensus
) V1ew of a concept The teacher does not dlsmlss mcorrect ideas due to authorlty Y(Duschl B
' & Gitomer, 1997) but rather encourages 'students‘ to use reasonmg to 1dent1fy and clarifyl‘
. correct ideas. . | | - | B |
In this model ..it' is not enough to snnplyallow grudeﬁié to presentthexr current
‘ understandiﬁg of ‘a -:conceptl" They mustusestrategles : suchas critrcal reasoriing..t_o -

» eyaluate the adedUacy' of knowledge claims -

" Discussion Based on Conmimon Experiences

study of formatlve assessment in the sc1ence classroom by Cow1e & Bell -
'(1999) 1ndicated that there are basrcally two types of formatrve assessment planned and

mteractlve The purpose of planned formative assessment is to obtam an understandmg of
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student leaming frorﬁ_the entire class (Cowie & B.ell, 1999). Teachers planned tasks that
would énable. a studeht to b_etter ‘understand. science concepts: They also planned
activities so that sfudents coui_d shafe common experiences that would later be discussed
in the classroom.

Interactive formative asséssme’nt opcurred when individual or sma_ll groups of
studentsinteracted with the. teacher. lThis type of asse‘ssmer‘lt occurred when teacﬁeré
noticed, recognized or résponded to student thinking during interactions (Cowie & Bell,
1999). | ‘

Both planned and interactive formative assessments involve interaction .betweeri
teacher énd students to check the level of ﬁnderstanding. 'As noted earlier, learning with
understanding is vital in .education due to the amouﬂt of knowledge available. In order to
achieve this, learners must perceive the‘inforrna_ti‘on és relevant, important, and vélﬁed for
themselves, not just _useful in passing a test (Harlén, 1997). Teachers can incorporate this
need for informat_ionAto‘ be rele;zént, by 'empldying planned and interactive formative
assessment and by integ@ﬁng real-;zvqud ap'plications of theA subject matter. Providiﬁg
students with a common e){pefience that demoqstrétes the relévahce of subject ﬁatter in’
the world around us éan -theri. servé; as a’}l.:)asis to lead classroom discussions. These
discussions become formative in nature When they are used not only to -evaluate current

understanding, but also to alter the next step of instruction so as to improve learning.
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" "_Self‘-Assessrnent

An essentlal component of format1ve assessment is self-assessment (Black & Wiliam,
. 1998) Self—assessment can be achreved through the use ofa portfoho The term portfolro
srgnlﬁes a purposeful collectlon of work (Stecher 1998) In the context of education
there-is no formal deﬁn1t1on of a portfollo but a portfoho 1n ‘education contains
ddcumentation of an individual’s_ achrevement overvan' eXtended period of t1me. It tends
to be cumulative in l-n.ature. It is not srmply a 90.113‘?_&’01,1{@ -‘assignrn._ents, but rath_er an
assortment containi.ng proces!s artifacts, 'documentation'of ~ac_l1ievement, self_-evaluation,v
and analyse_s of lea_rning experiences (Klenowski, 2000.).1 Because teacher assignments |
differ, so do the collections of .Istudent work._ ‘Individuals take,the time ‘to reﬂect upon
their own performance by critically 'ev.aluating the conténts of their portfolio.. ln order for
this to'vbe done, a student must clearly understand what constitutes duality work. Tea‘chers_ ,

must take the time to ensure that students understand achievement 'goals. Research done

“by Fredenkson and White’ (1997) showed that those students who understand learning .

goals and have the opportunlty to. reﬂect on their work show greater 1mprovements in
: 1eam1ng than those who do not. When goals are und_erstood, students become committed
: learners (Black & Wiliam, l998j.

' Support for portfolio use in formative assessment can be found in a study performed _
by the Curriculum and Instruction Department of the.H‘ongi Kong Institute of Education
(Klenowski, 2000). This study evaluated the ‘use of portfolios with first year_ pre-service
teachers enrolled in a two-year teacher ediication program. Interviews conducted with the '

pre-service teachers indicated that the portfolios were useful in developing reflective
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, skillsl..These teéchers. alsn -reported that they developed independencé in their learning. -
One pre-service teacher was .quotéd as sa_ying “1 }éarned more from the portfbli.o than
froﬁ fhé'lessons. Completing this assignment was harsh work, but it really nelpgd me .

‘ organizé.my learning and thinking.” | |

,yPortféliOs nre not only ns_ed formatively by the learner, teachers have also adopted
new-strategies in response to portfolio aséessmenfs (Stecher, 1998). J.ust as teaching -
shapes nssessment, assessment‘éhépes’»te.aching (NRC, 1996)7 The states.of .Ver_mont and

Kentuéky cuﬁently have added a' portfdlio component to their statewide assessment
systern. In Vermont, teﬁchers reported an increase in thé_tinqe they have students w'orki'ng :
in small grnups as a result of portfnlio ﬁndingé (1993). Teacners also report an increase
in the number of 'a.ssigninents given that réquire complex prbblem-solx)ing skills. It is
thbnght that"scoring of the pnnfolins may énable teanhers to achieve a béttef
understanding of the Iearning process so as to result in more. ‘gz_ffectivekinstruction.

Portfolio use 1n the .cléssrnom is associated with greatér enthusiasm for teaching; higher
enpecté’tio'ns of students, and implementation of cnéngésa in educaﬁonal goais, contént f

-.and pfbcedures (199§). Because of _tnis;teachers in Vermont characterized the portfolios '

asa ;No'rthﬁvhile bu_rden (Knretz et_a‘,rl.',_: 1994). The abil_ity to self—assesé is needed to

become a seif-directed, life{long learner (NRC,1996). -
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'CHAPTER 3
METHODOLOGY
Research Désign

" A survey researcl)lr design W.as;_.uséd fdr this study. This form of research uncovers
students’ beliefs, attitﬁdes, and percept'ions_. abdﬁt sciénce. A éompaiative stlidy was
. performéd to unyeil relatiénships that may ekist betwéen sciénce achievement and
aftitudés. Measures of {iariability were a’lisoiubs_ed to analyze differences in summative test

scores between control and comparison groups.

Participants in the Study

The participants o‘f this investigation Iwere‘ Honors Level Quantitative Physical
| Science (QPS) students enrolled in three high school cla's‘sehs. QPS is a rigorous,
mathematicalfy based freshman. scierice course that focuses on the study of chemistry
during the first semester and thg study of physics in fhe second semestér. Data wasr

collected over the course of the first semester. >'
Instruments

Instruments used in this research include an Attitude Survey and a Causal Attribution

Survey, both employing a Likert-type scale. Both surveys were borrowed from the Math-
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: S(tienée Paftneréhip of Greater Phtladelphta. The Attitude Surtkey consis‘te'd.of 41-item$ 4
(Appendix A) designed to uncover attitudés students have about science aéhieyement. |
~ The survey did not' t:britajh any opén—endc;'d questions. The C.‘atusa_l Attributtott Survey
consisted o.f nine poéstblé_events (Aﬁpendix B); following each event there tatere four

* possible causes, the students had to choosé how théy felt about each of those_i causes.
Pf()cedure and Data Collection

Durin’g the ﬁrst._semester‘,' ;st_ud:e.nt‘s were seen fmtf days a week for a forty-two minute
‘ 'cherrtistry clatss-and one day a weet( foran eighty-four minute lche‘:mi'stry'lab. Two classes
iqf studeﬁts_ éefved as the ct)ntrol _grv(slup‘s fN=22 and N=24). One-claés,of students served
as the COmparison_ grotlp (N=28) All:t_hfee classes Wetg _téught by the experimenter. -
During the first week of school baseline data was 'cdllecteti frotn éll three groups. The
data inc’ludé‘d survey restttts fro.in.the Attitudé .S-’urv‘ey and the Causal Attribution Survey
. 'The in.delpénde.ht*variables 'ttlt’ér’ed by the exp‘éfimenter with the chpfctrison group.
included'fou.r t‘orms of formative assessment. o |

1. - Corrim'eht—Oan Marking- A numeric grade was not assigned to quizzes,

homewgfk assignments, ot lab réport_s. Thesé piéces of wloirk Were
marke.d on'ly'with c0mmehts .that foere_d specific suggestions. to

' imﬁré\te the_quality of the tivt)rk. Students were ekpected to matkt: |

‘ intp'rovernents based ‘.on the comments. This method served to gitle

students an opportunity to improve their understanding of key concepts.
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| 'Ihqreased WaitlT.ime-_ All stud,éﬁts were expected to answer questions at
any g‘iven..timei'Thi.s metho(i waé i;sed to broaden vthe raﬁge of
.p'_afticipati:on‘és vs./.ell‘asiplace t};‘e fo?:’uS on thbughtful'insighf, hdf
» nece"ssiari_ly_cobrr_ect ansWérs.' Que.stions that bro_be é st;ldent.s' :
R u'nd_erstanding kwére devised 'priorvtb ‘clas"s time. After ijosing a questidn,
a Wait time was-given before c.‘alling ona studént to fespond.l The |
“specific amount of time was not measure_dqﬁantitati»vely, but the |
instructor Waited unt‘ilA all stﬁdents constructed a wriﬁen response. This
‘method was used so that all students had time to devise a meaningful

answer.

Discussion Based on Common Experiences- Students were given an

- assignment that required guided research into a real-world application
of specific chemistry topics. This research served to enrich classroom " -

discussion as well as provide a purpose for learning.

Self—Asseésment- Students kept original quizzes, homework

‘assigmﬁents, and 1.’ab' reports, along with the revisions and
improvements in a portfolio. .Portfolios were kept in the clagsroo'fn. At
the end of the"ﬁrst and second marvkingv périod, students wrote a
reflection on their learning progress as shown in‘ their individual

portfolio.
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While only the comparison group experienced formative assessment, all students were

gi\{en‘ summative assessments at the end of eaehhunit of study.
Analysis of Data
Because the experimenter d1d not employ one-to -one mapping when

: admlnlstermg surveys at the beg1nn1ng or the end of the study, an 1ndependent sample t-

test ' was run on Stattsucal Package for the Social Sc1ences (SPSS) computer program in .

o order to compare survey results for each class from the begmmng of the study to the end

of the study: This test compares the Amean scores of the groups. In addmon, a Bonferrom .
One-Way Analysls of Variance (ANO.VA) was done cornparing data of _the threevclasses

| .in'the beginning of the study and then again at the end ol‘ the study. Summatiye test
scores were analyzed using ANOVA Wlth attention bemg g1ven to the mean and standard

: dev1at10n Slgmﬁcant results from these analyses can be found in tables ii to viil.
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.Chapter 4
RESULTS AND DISCUSSION

The purposes of this study were to determihé if the use of formative
assessmeﬁt in tﬁé science ciassrooiri improved academic a}chiévqment in a grohp of ninth,
- grade honors level stﬁdents; and to determine the effect of formative assesément on.tﬁe
V .attitudes these students have toward science. This chapter presents data that attef_npts to

answer the following research qﬁestions: |

1. Will the use of formative assessment in the science classroom -
enhance academic achievement as shown through an overall increase

in summative assessment scores?

2. Will the use of formative assessment in the science classroom
improve achievement as shown through narrowing the gap between

high and low achievers?
3. Will the use of formative assessment improve attitudes toward

science as shown through th¢ stafistical analysis of attitude and causal

' attribution_s surveys?
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- The data analysis was Struc;tured to reveal quantitative information to provide ihsight to -

the related research questions. ‘

~ An attempt was made to evaluate the impact formative assessment had on

Summative Test Scores

~academic achievement as shown through an increase in summative assessment scores and

a narrowing of the gap between high and low achievers. Emphasis was placed on scores

from the first test of the marking period, the last test of the marking period and the

semestér averages. Scores were analyzed using ANOVA. The number of students and

thus total scores collected vary in each group because two of the students transferred to’

other'schools due to relocation dﬁring the study. Results of summative assessments are

summarized in the following table.

Table 2: Grade summary for summative tests.

Control Group

Experimental

Control Group P
| T(N=25) II.(N=27) Comparison Group
; ' (N=28)
First Test “High - 96 97 ' 97 0.578
' ' Score N
Low 60 62 61
Score o
M 76.2 78.8 77.4
SD 8.63 915 8.80
.| Control Group | Control Group | Experimental P
| (N=24) (N=27) " | Comparison Group
| | . -~ | N=27) _
Last Test High - 100 100 .- 100 0.740
L Score . o e :
Low 27 60 70
Score - o ‘
M 91.3 92.6 90.2
SD 14.6 8.72

10.5
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Control Group | Control Group | Experimental P
(N=24) | (N=27) | Comparison Group
: N2y -
- Semester High - - 98 99 - | . 980 . 0.680
Averages | Score | . - ] N | o
- {Low | -~ 66 - 70 o 14
Score. | © e o ‘ .
™ | 847 865 | 82
SO | 818 | 754 | 124

Summative test scores ’do not'demons_trat’e an overall grade improvement when
comparing the co‘ntrol groups to the experimental comparison group. Thev mean tést score |
‘for the'ﬁrst summative-test_ was 77.4 for the enperimental group and a 76.2 and 78.8 for
each of the control groups The last summative fest scores for the semester showed a
mean of 90 2 for the expenmental group and a91.6 and 92.6 for each of the control
' 'groups The mean of the semester average for the experlrnental group was 85.2 the
control groups had means of 84.7 and 86 5 The mean test scores do not show a
relationship. between the use of formatrve assessment and 1mproved acadermc
ach1evement But a relat10nsh1p can be seen between the use-of formatwe assessment and
: the narrowmg of the gap between hlgh and low achrevmg students ‘The first summatlve

_‘ assessment glven m the markmg perlod showed srmllar results for the difference between

- | the- hrgh and low scores 1n all three groups The ﬁnal summatlve assessment gwen after

N the experlmental group was 1nv01ved in five months of forrnatlve assessment, shows a .~ o
narrowmg of the gap between hlgh and low scores. There was a 73 point dlfference
between the hrgh and low score on the last semester test gluen to the ﬁrst control group
(SD=14. 6) The second control group showed a 40 pomt dlfference between the hlgh and

.low score (SD 10 5) The companson group only had a 30 pomt d1fference between the '
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high and low sic_iofe (S’D¥81.72). .Thc semester averages also show a naﬁowing of the gap
be;twéén the high and low scores. The différe_nce between the high ‘and»tihe-low scores for
the first contrc;l group was 32 lllnolints ar;d 29 ﬁbiﬁts fb;; the vSecond: control group. The
difference betwe‘en the high and the low scores for the experimeﬁtai compafison group
was only 24 i)éints. : | |

| o . A&itude Survéy _

Mosf reéults of .the attitude survey were found to be statistically insignificant when
co"mpafing responses from each group ﬁ‘om the beginning of the study‘to the end of thel |
study.'. The independentsample t- téstvof thé control grbups showed a statiétically
significant differeﬁce in réépopse to some survey items when comf)aring the_ re;po_ns'es,
from the Beginnihg to the end of the study. The table below summarizes these findings.

Table 3: Attitude Survey Control Group I

| Survey Statement -~ | Survey N (Control - | Mean Std. . Signiﬁcahce

: : Administration | Group 1) Deviation |(Levene’s Test)
-| An important reason why Ido | September - 24 4.04 464 0.015
my science work is because 1 like - ' _ ‘ ' ' '
to learn new things. ' January , 21 3.81 _.680
When I take a science class it is Septémber : 24 - 408 .504 .0.024

important to me that [ improve

science skills.

January | T 21 | 410 | 768
Science makes me fecl September 24 | 383 | 637 |0044
, uvnco.mfoift.able, restless, irritable, L
and impatient. . January | 21 | 3.86 | .856
Science is a worthwhile and September T 23 422 | 736 |0.031
necessary subject. ' » . '
January 21 - 4.10 - .539 ‘
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Table 4: Attitude Survéy Control Group II

Mean

Survey Statement Survey N (Control Std. Significance |
.‘ : | Administration | Group 2) Deviation | (Levene’s Test)
Aniimportant reason why-Ido | September 26 - 4.15 464 0.002
“my work in science classis - . _ . = ,
because 1 want to get better at it. : :
~ | January 26 4.23 765
Science makes me feel UHéasy -September © 26 | 3.92 484 0.051
| and confused. R _, ‘ , C
January 27 4.15 662
Table 5: Attitude Survey Experimental C‘omparison Group
| Survey Statement Survey N (Comparison | Mean Sfd.' - Significance
Date + Group) Deviation | (Levene’s Test)
An inipdrtant reason why 1 do my Séptembe.r' 28 | 1 4.04 508 0.019 ‘.
work in science class is because I - : o : , o "
want to get bétter at it. : January 26 4.08 744 ‘
An important reason why I do my September., 28 | 3.89 - .685 - 0416
science work is because I like'to | : : o
learn new things. January 26 _4.0,0 - .800
Science makes me fel | September 28 396 | 637 058
uncomfortable, restless, irritable, and | . | - - Co
| Impatient.. “ 0 January - |- 26 385 | 784
‘| When I take a science class it is S'eptember‘ 28 ' 4'00 667 .0469
important to me that 1 improve . o i S ' N e
science skils. January 26 G5 | 675
Sciencesaworwhieand | September | 26 | 415 | - 732 0.627
necessary subject. ‘ ST : RS o o S
January . | 026 .- | 423 652
Science makes..me feel uneasy and ASeptembér 1 “28" | 400 609 0.193
confused. . o _ : o —
| |Janvary | 267 | 415 675
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The Likert-type attitude survey used provided statements in which students were
to resporld whether they strongly agree, agree, neither agree nor disagree, disagree, or |
strongly drsagree with the stetemer_it. A \talue of five was assigned to the response ef
“strongly agree” scaled to a value of one assigned to the.respense of “strongl;} disagree”.
So’me statements from the survey were reverse coded in the SPSS computer v'systenr S0
that a positiye‘attitude response correspends to a score of five and a negative attitude
response corresponds to a score of one. The attrtueie scale was designed to evaluate

attitudes regarding usefulness of science, task orientation in science, and confidence in

science. | | |

The statement from the survey regarding attitudes tovrard.the usefulness of science
that hatl statistical signiﬁearlce was “Science 1s a worthwhile var.ld necessary subject.” The
first cerltrol group of students (N=23) respond'ed with a mean score of 422 in September
and a mean score of 4.10 rn January (p¥0.03 1). This shows that attitudes totévard the
usefulniess of science worsened over time in this group. The cempari'SOn grdup (N=26)
responded with a mean score of 415 in September and a mean score of 4.23 in January
(p=0.627). While the results of this group are not statistically significant, it is sbqws that
tbe_ group exposed to formative assessment did not show a diminisbed attitude toward the
usefttlness of science. | |

Changes in attitudes teWard task orrentation in the science classroom were shown to
be statistically 'signi‘ﬁ.cant fo'r.t:’wc.) 's.urve:y. ciuestrorrs ansxrered by the experimental
eQmparison group (N=28). The staterrrent, “An important reason Why Ido my vtfork in
~ science class is because I want to get better at it,” had.avn.lean score (l):f 4.04 in IS‘ep_te.mber

and 4.08 in January (pﬁo,Ol 9) But this impro:ved attitude was also seen with controll
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gronp _II (N=26) with ar_nean score of 4.15 in September and a mean score of 4.23 in
'Jamiary tp=0.002). The statement,“An important reason why I do my science work is
because I like to learn new things;” promr)ted a statistically significant result in control
| group I(N=_24). The mean score for this item in September was 4.04 and the mean score
in January was 3.81 (p';(i-.OISV). This response éhoWs a diminished attitude toward task
orientation in this group. In tile experimental group, While the results are not statistically
signiﬁcant- (p=0.416), the mean score in SepternBer was 3.89 and the mean score in -'

J anuary was 4. OO demonstrating an improved attltude toward task orientation in science.
The exper1mental group (N=26) and one control group (N=24) both showed statlstlcaily :
51gn1ﬁcant results to the survey item “When I take a science class'lt 1S 1mportant to me
that [ improve science skills.” The experimental gronp showed a mean score in 'l
September of 4. 00 and a mean score in January of 4.156 (p =0.0469). Control group I
showed a mean score in September of 4 08 and a mean score in January of 4 10
(p=0.024). |

‘Results of this survey regarding attitudes toward eonﬁdence in science are unclear.

The statement “Science makes mefeel uncomfortable, restless, irritable, and impatient”
produced statistically_ significant results (p=0.044) in control group ,I (N=24). The mean
score in Septeniber was 3.83 and the mean score in January was 3.86. This shows an
improvement in the conﬁdence level in the control group. The experimental group did not
hai/e statistically signiﬁcant results to this survey item. The statement “Science makes me
i‘eel uneasy and eonfused” prompted a statistically significant response in control group
M. This group, (N=26) had a mean score in September of 3..92 and a mean score in

January of 4.15 (p=0.051). A score closer to five demonstrates a positive response. This
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shows an improvement in students™ attitudes about their conﬁdencé in science. While it is
not statistically signiﬁcant (p=0.193) , the experimental group also showed improvement
in attitudes about confidence 'in science_:, mean sc_dre in September was 4.00 and the mean
~ score in January was 4.15.
| Causal Attribution Survey
A causal attribution survey was given to Stu_dents in the control nnci comparison
group at Ithe beginning and the end of the formative assessment s_tudy. This data was
collected in an attémpt to evaluate :the impac't formative assesément had nn attributions of
failure or snncess in the sci_e.nce-classroorn. F onnatine assessment in the classroom was
expected to enable students to overcome n_egative attribution tendencies. Statistically_
significant .results were fnund,in only one -control grnup and in the comparison grdup
When.conlparing responses from the Begi_nning of tne study to the end of the study. The

_ folloWing tables summarize significant results found in the independent-sample t-test.

Table 6: Attribution Survey Control Group I

Survey Statement

| Survey ‘N (Control | Mean | Std. Significance
: _ Administration | Group 1) B Deviation | (Levene’s Test)
Event D- You have not been September 24 2.54 | 1.141 0.022
able to keep up with most of the. | ‘ ' .
students in science class.
Response-You have always had | January 27 227 10767
a difficult time in science class.
Event E- You have been able to " | September 24 3.00 |0.885 0.041
complete your last few : :
assignments easily.
Response- You lucked into ,
working with a helpful group. January. 22 2.82 | 1.140
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Table 7: Attribution Suryey Experimental _C"omparis,on_‘Gr'oup

| unit.

Survey Statement | Survey R N (Control - Mean | Std. - Srgmﬁcance o
I | Administration - Group l) : - | Deviation | (Levene’s Test):
‘Event F: You were unableto | September . 28 o396 0637 0.021 .

| understand a dlfﬁcult science

Response- The problems were . L - _ ' d
easy because they had been January 25 - 1368 | 0.900
“covered before. . o ' SPUREEE IR

.The Likert-type"causal attribution survey usedjproyided statements in which -
s-tudent's'were' to. respondv whether,they;' st‘ro'ngly. agree‘,‘ agreev, neither agree nor dl_sagree,
disagree,.or strongly disagree 'w_ith Varlous're.sp.onses fora g_l.ven statement. A‘vvalue of -
five was assigned to the reisp’o"nse of “strongly agre_e’? scaled' to a.vv_alue_ of on_e assigned to 'A

' the. response of “strongly .dlsagree‘?". o '~ | |

Although the 'frrst contr'ol.group drd not partake 1n forr_native assessment, results
show changes in 'attributesvthat may facilitat'e learnin'g;,:l*;roim the suryey, the statement for
Event D, “You.have not been able to keep up" wlth mo.st‘ ofthe students in science class;”,_ o
prompted s1gn1ﬁcant results (p 0 022) from the response “You have always had a :
d1fﬁcult t1me in smence class The mean response in September (N—24) was 2 54 and in
J anuary (N—22) was; 2 27 Tl‘llS shows that students became more conﬁdent in their ab1l1ty
in sc1ence class: The statement from Event E on the survey, “You have been ablé to -
complete your _last few assrgnments easrly, prompted s1gn1ﬁcant results: (p=0.041) from‘

" the response “You' lucked into worklng w1th a helpful group The mean response ’1n |
September (N 24) was 3. 00 and in January (N 22) was 2 82 Thrs shows that students
' were not as hkely to attrrbute success w1th luck over t1me This is also an attrrbutlon ', .

change Wthh may facﬂltate learmng
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y .The experimental comparison group showed signiﬁcant results (p=0.021) for
Event F from the survey, “You Were unable 'tojunderstand a difﬁcult‘ science unit,”.
response, “The problems were e.avsyw because.thejr hadbeen c_overed before.” The mean

' relsponse in September (N 28) was 3. 96 and the mean response inJ anuary (N= 25) was
3.68. “This response shows that students felt the1r success over time was more likely due
to ablllty than luck or teacher mﬂuence Abllrty is an 1nternal stable attrlbute \ivhrch is
associated w1th better learmng outcomes than luck or -teacher mﬂuence. , '

A Bonferrom ANOVA test was also performed to compare responses of the three
groups at the beglnnlng of the experlment and agaln at the end of the experlment No
statistlcally _s1gn1ﬁcant results were found from the‘basehne 'data collected at the’
beginning of the semester. S.igniﬁcant .results,fro_m. the data at the end of the ’sem.ester,v .

‘followmg the use of formatiife assessment m the comparlson group, are shown in Table 8.

- Table 8: Attrlbutlon Survey Bonferrom ANOVA ’

Survey Statement : - Class - N | Mean Significance |

{ Event C- You had trouble wrth some of the problems in" | Control Group II _ 12712:59 |0.022
the daily assignment. ' s , : o N '

Response- You didn’t take time to look at the‘ book.

Experimental .Comparison‘ 251336
Group S

The surveystatement'in Event C f‘You had trouble with some of the problems m

the dally a551gnment prompted srgmﬁcant results from the response “You didn’ t take

. time to look at the book ” Control group Il (N 27) had a mean response of 2. 59 and the
comparlson group, (N.=,25)‘ had a mean response of 3.36. Thls,statement shows that the .

students involved in formative assessment were more likely to attribute success with
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effort. Effort is an internal, controllable attribute that produces more pride in success and

shame in failure. This attribute is likely to facilitate learning.

Limitations

The primary purpose of this inveStigation was not to generaliie results‘.,“but. to

~better understand relatlonships that may exist between | formative assessment and
achievement, attributes and attitudes toward science. The particlpants in the study were
not randomly -selected, but chosen out “of convenience. It should be noted that the
experimenter was also the chemistry teacher for the control and comparison groups This :
relationship may have motivated students to respond in certain ways on the glven
'surveys. A limitation to dispositionalstudies, such as the causal ‘attrlbutions survey, is
the failure to evaluate a response to a reaiélife event '.('Vi'spoeili &'Austin, 1995). The
survey may also not contain attributions that are pertinent to each student’s‘ scenario. This

forces the student to choose a response on the survey that may not be pertinent.

Discussion
. The amount of scientiﬁcinformation available in our modern world is increasing at an
alarming rate. My own experience in healthcare as a pharmacist and in education asa
' -hlgh school physwal 501ence teacher made nie realizé that rote memorization of facts in a
classroom setting cannot possrbly prepare chlldren to understand our world of science or
make informed scientific decisions in hfe Students do not have to pursue science as a

career to require a sound scientific background. Scientific literacy is needed to make
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informed decisions in our daily lives. This kriowledgé enables us to -make informed
choices from cqmparing nutrition labels, choosing gasoline for our cars and coﬁsidering
healthcare options to critically' e\I/aluating scientific claims and studies for produéts that |
are marketed to us everyday. All studénts must be scientifically educated to function
effecti\‘fely in society. Tﬁe ﬁndings of'Bla.;cl_(“ and Wil_iam‘(119‘:98) indicate that formative
assessment in the classroom raises attainment, improves' self—estéem and leéds toa
greater prospect of life-long leal;xihg. |

As mentioned earlier, ahy activity that provides feedback to alter the teaching and the
learning prbcess can be a type of formative assessmeﬁt. The four types qtilized in thié
investigation were 'comment-only marking, increased wait timé, discussions based on‘
common experience's,-.ahd self-assessment.l

Students in the éomparison group were infqrmed that theif quizzes and lab feports.
wou_ld be graded with only commentsoffering suggestions fér improvement. While theée
-assignments did Cqunt for an actual grade, the grade was not immediately given on the |
retlimed assignments. Stud'e_nts had the 'option of making improvements. Initially, this
wﬁs a time-consuming process. It was'import'ant students understood the criteria for |
success prior to submitting assignments. Class time was devoted to viewing and
: explain'irig exemplary.work. Once assignments wére submitted, care was taken to provide
comments that would heip the students improve their work without providing the .
answeré. Students, although informed, were initially shocked to receive lab reports and
quizzes with éomments and no grades. As time went on, I found this process to be less
timé-consur_nihg. Lab writing skiH_s of all students improved to the point where fewef :

comments had to be made. While this investigation did not involve the use of opeh-ended
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questlonnalres students expressed that they hked to know errors and mlsunderstandlngs .
- could be pomted out so 1mprovement could be made prlor to’recervmg a grade One

| student told me thbat ina pre_vious science 'class, he stopped submltt_rng lab reports .due to -
low scores. ..He never understood what ,he did .or did not doto receiVe the low _scores. He
expressed fondness Vof this system where the criteria for'success was clear and time was

' allotted for learnin‘.g' with under_standing. ~

B Increas'ed walt time .was the second form of : forrnative assessment used in this
1nvest1§at10n The students 1n the comparrson group were asked not to raise thelr hands to
respond to questlons posed to the class. Prlor to class I attempted to devrse meanmgful
questlons that would 1ndlcate the level of the students’ understandlngv Thls 1nformatron '
would then be used to alter subsequent lessons ‘These questlons were often dlfﬁcult to
devise_.I found it helpful to work with colleagues'who te‘ach‘the same or smnlar courses,_. .
Once the questions were deyisedand -posed Lto't;h'e_ }cla'ss,"..students'were given time to write
 their response ini their notes. Once I saw that students were ﬁmshed thlnkmg and wrrtlng, )
1 would select a student for an answer: Students were encouraged to respond to the best
of thelr ab111ty The focus of discussion was not on whether a response was correct or -
mcorrect‘ Answers glven by students were used to generate dlscussmn and oplnlons from. ;
other students Agaln whlle not formally docurnented students did express that they felt
respon51b1e for being- attentrve at all’ tlmes knowrng that all students were expected to-
partlcrpate .One student told me that wh1le he was very shy in most classes he was' '
comfortable speakmg in sc1ence class because students respected each others responses
Perhaps th1s was because the students had tlme to thlnk and were requrred to cntlcally

corninenton"responses given by others'.’
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The third form of forﬁlati\{e ‘assessme'nt was discuésion based on commion
experiences. In order for students to learn for unde;standing, they must feel the material
isvrelevant to t.heir li\}es. I fOﬁnd providing a 'corninon exp_eri_é_nce for the students
qﬁallenging. The -stu_den.ts attéﬁded class daily for only forty-two minutes, with the
exception of the weekly lab, consistiﬁg of eighty-four nﬁn'utes. With so much curriculum
contenf reqﬁirgd,_l found it almost impoésible to find time to provide a common
experiencé to the students which would lend releyance of the mﬁterial. Because of time -
conlstr‘aint_s;llv chose to give short-term assigriments that étﬁdents completed on their‘own
beir.ld,then devoted time in class for discussion and relevance té real life. Appendix D
provides assignménts that were uséd. Whilé it is impossible fbr. Iﬁe to determ.ine whether
this method will Creaté li.fe-long learners, i‘was pleased with the rele"vaﬁce studeﬁts found
' regarding knowledge of the metric sysfém. F‘.reshman écience students are expected to use
and understand_ the metric system. Metric units are taught as .an. initial lesson and buil_t
_ upon througﬁéut the course. Each year, students ekpréss‘ disinterest in the metric system
noting that it is not used widely in the United States. At their age and level of experience,
_ _théy have a hard time believing thatt it is internat'ionalily uséd in scie.nce._ After assiéning
the independerit work regarding the loss of the Mars Climate Orbiter due to the error
between thémetriqb and Eﬁglish sysfefn; | noticed thai sti;dents no longer questioned why
th¢y We:re required to understand the metric system. |

Thlezlast form o.f .formativei assessment us'e‘d was self-assessment. Students were
fequired to rhgintéin a portfolio in the .classroorr; that _ciemoﬁstrated improvement and
undersf:candivng 6f key concepts ‘OIVer tlme Students kept track bf their original and

. inipfoved'as_signments in the portfolib.. It provided them an organized method of
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reflecting upon t:he'i‘r own learning. App;indi)_( E providcs the portfolio s¢oring rubric
which explains more clearly the responisibility Qf-t_heés"tu&eﬁts. While I feel that portfolios
are useful as a means of self-asseséfnént énd réﬂecfcion, I found them difﬁcult .té use in
our setting. Po'rtfolios_wéré'kept in the_.cl_as.'s'rbom so that I could periodically review thern‘ |
_ -‘a.lnd.to ensﬁre _thatl.étudents would not misplace tﬁem. However, due to scheduiing isé_ues,
the c.ompari'son group did nét_ meet in thé é;elme classroom evedday which méans that the
| portfoli_os were not always readily a\}ail_able. ‘In dddition to this p'robblem, other feachei‘s. |
.a'nd classes a}sé met in the élassréom,in whibh thé poﬁfolios were stored. Also, the -
amount'of curriculum thaf is reqﬁired to be cOvered mc__iid not .a'llow usv.the. proper arnoﬁrit of
: timé needed to work on portfolios in th¢' claséro@m. P_ortfblios wéulld be more useful if
_the c;lass met éveryday in tﬁe slarillelroom"an'd if there was mbre’ ﬂ_exibility in fhe
curriculum so as not to be pressured by time. |
‘While I found the iniﬁal introduétiéri (¥f these forms of formative assessment

fmstraﬁing and timé-coﬁsuming, I am pleased with the dhanges that have voccurred in the
classroom. Students became moi‘e rééponsibie for their learning. Low-achie\;efs'were' not -
expeqted to remain low-achievérs_. Opportunit&, guidance; and time was given to allow all
students to learn té the bést of their' ability. Students learned to think ;ritiéglly about leach
others re.spo'nses and work. Relevance was pfovided'for ﬁnderstanding major 'c'oncept.s. I

plan on continuing and improving the practice of formative assessment in the classroom.
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Chapter 5

CONCLUSION - .

Formative assessments caﬁ take on many forms. Provideci the assessrhents are useful
in improving teabhing and leafriing, many aétivities can have a formativé nature. This |
- investigation employed foﬁr forms of formative assessment in the chemistry classroom.
These forms were: | |
Corﬁrﬁent-bnly marking
Increased wait time

Discussion based on common experiences
Self-assessment

Lalh Y

Results showed a pbssible relationship between formative assessment and a narrowing
of the gap betweeﬂ high and low achieving students. This .iﬁvestigation also showed a
possible relationship between formative_,assessment and improVéd attitudés toward the -
usefulness of science and task orientation{Iin science. The causal _attribution survey
demonstrated a possible relationship between success in scieﬁce and attributes of ability
and effort. While these results gannot be applied to the general populétion, they do show
that possible relatidnships ex1st B | |
' This investigationj made use. of test scores and surveys in a -small, homogéneous-
sample of students. 'All_ students were hoh(;ré‘-lével. No open-ended questionnaires or
jn£ewiews were.cpﬁduc‘[_éd:j Futﬁre ::..in;/estigatiqns '-ar_ej n‘e,eded'.to observe the effect of
formative asses‘sme‘nt on other .aéad¢mic levels of students. It would 'alAsovbe useful to
collect qualitative data régar_d%ng the sltuder:lts" percéptions of their learning whe.:n‘
incorporating _forrﬁative assessr;lent into.vthe;' cvlassroom. The -varibety ovaappr_oac_hcs fnakés _

formative assessment useful in other content areas. This investigation looked at the effect
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of formative assessment in only a science setting. Future studies would be useful to
~determine whether formative assessment is effective in improving learning and attitudes

* in other disciplines.
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APPENDIX A

ATTITUDE SURVEY
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Directions. We are interested in learning how you think about science and in learning how your thoughts about
science change during your years in high school. Your responses to the following items will help us understand
how you think about science. There are no right or wrong answers. Just tell us what you think.

For items 1 through 41, please read each item carefully. Find the matching number on your answer sheet and
mark the response that best describes your feelings about the item. On the answer sheet, mark response “A” if
you STRONGLY AGREE, “B” if you AGREE, “C” if you NEITHER AGREE NOR DISAGREE, “D” if you
DISAGREE, and “E” if you STRONGLY DISAGREE. o L . .
- : ' ’ ‘Strongly  Agree . Neither- Disagree Strongly

“Agree - . ~ Agree nor- ‘ Disagree
: ' - Disagree ‘

1. Ilike science class work best when it really A B - C D E
makes me think. ' '
2. Science is of no relevance to my life. A B | € D E
3. Ilike science class work that I’ll learn from even A B C - D E

if I make a lot of mistakes. '
4. 1 get a sinking feeling when I think of trying | A B C D E

science problems. : '
5. T think I could handle more difficult science. ‘A B c D E
6. For some reason even though I study, science .

seems unusually hard for me. - A ‘B C D E.
7. Tusually have been at ease dmirig science tests. -

A B C D E

8. When I take a science class, one of my goals 1s :
to- master a lot of new skllls A R C D E
9. Thave a lot of self confidence when it comes to S S .

smence , ‘ A B C D E .
10. My mind goes blank and I am unable to thmk _ - : ‘

clearly when worklng onscience. = . " A B C D  E
11.1do my science class work because I'm . :

interested in it. o A B C D - E

12. An important reason Why I do my work. in :
science . class is because I want to get better A B - Cc D E
atit. ' : - ' oo



.13,

14

15.

16.

17.

18.

19.

20.

I do'n’f think I could do advanced science. .

I’'m not the typ.e' to do well in science. -

Most subjects I can handle OK, but I have a
knack for messing up science.

I’ll need a firm- ‘mastery of science for my
future work.

Generally I have felt secure about attemptihg
science.

I’'mno good at science.

Knowing science will help me earn a living.

An important reason why [ do my science class

- work is-because I like to learn new things.

21.
2.
23.

24,

25.

I can get good grades in science.
Taking science is a waste of time.

'Except for those who are going to be scientists
or engineers, most students would rather take
other courses than science.

I almost never have gotten nervous durlng a
science. test :

Science has been my worst subject.

Strongly

 Agree

A

Agree

Neither
Agree nor
Disagree

C

Disagree Strongly

Disagree

D E
D E
D E
D‘v E
D E
D | E
D E
D E
D E
b
D E
D E



Strori‘gly-" Agree ' Neith_er, . Dlsagree Strongly

26.
. .27.' 

28.

29.

30.

31.
32.
. 33,

34,

35.

36.

37.

- 38.

 Agree o . . Agreenor - . Disagree.
- ' Disagree -
Seience makes me feel uneasy and corifu_sed. 2.A B | C

One of my goals in science class is to learn as .

much as I can.

When [ take a science class, it is 1mportant to ‘
me that [ improve science skllls

Science usually makes me feel uncomfortable
and nervous. : '

When I take a science class, it is importémt to
me that I learn a lot of new concepts.

I am sure that I can learn science.

A science test would scare me.

I will use science in many ways as an adult.

Science doesn’t scare me at all.

Science makes me feel uncomfortable restless
irritable, and impatient.

An 1mportant reason why [ do my science class‘ .
" work is because I enjoy it.

Science'i isa worthwhl_le and necessary siibject. '

I study science because I know how useful it is. .-

2.7._'A‘ | _B»
28.A }; B
.-29.A | B
‘3FO.FA._ . ._B'_,
31, A B
. 32.iA'-l. B
3.4 B
“.A B
35A B‘."
36.A B
SA B

38. A . B



39 It’s important to me that I thoroughly
- "understand my science class work.

40. For most jobs it is more important to be well
rounded and broadly educated than to know
science. . o

41. Tsee science as a subject I will rarely use in
daily life as an adult.

Strongly
Agree

39.A

40. A

Agree

Neither  Disagree Strongly

Agree nor
Disagree

C

Disagree
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" Directions. You are going to read about an event which could have happened to you. In addition, you
are going to see four possible causes of that event. You are going to respond to how you feel about
whether the causes listed could really explain the event if it had happened to you. Each event and its
pos31ble causes are listed in a group. In each group an event is followed by four possible causes. You
are to read the event carefully and then respond to how you feel about each of the causes of the event.

.Strongly Agree Undemded Disagree Strongly
Agree : Disagree

-‘EVE‘NT A: A paift of your science homework was wrong.

1. Yo_u just can’t seem to remember to do the steps. A B C D E
2. You were careless bab'out. completing it. - A B Cc D E
3. The part marked wrong included a step ‘ A B ol D E

- which ‘was more dlfﬁcult

4. You were unlucky. ' - : A B C D E

"EVENT B: You got the gtade you wanted for the semester in science class.

5; The content ef the class is easy. , o A R B C D .

6. You spent a l‘0t of time each ‘dey studying science. A | ‘B C D E
7. The teacher is good at ,expla'ining science. = - o A . B o D E
8 You have a special talent for scienc"e. : A B .. C D | E’
EVENT C You had trouble with some of the problerhs in the dally ass1gnment. '

9. There was tio time to get sc1ence help because ‘~ A . B C D E
of a schedule change for the day : T

10. You don’t think in the loglcal way that smence A B . C D  E
requlres | . S ' : - '

1'1. You didn’t take time to look at the book. A B C .' D E

12. They were difficult word problems. ' A B C D E



- Strongly Agree Undecided Disagree Strongly
"~ Agree ‘ ' o - Disagree

[

EVENT D: You have not been able to keep up with most of the students in science class.

13. Students sitting around you didn’:x’t pay attention. . A ' ’ | B~ C b E
14, Y(;u haven’t 'sp.ent much time worklng onit. " A - B- C D E
15. The material is difficult. | | A B C D . E
16. You have alwéys had__a difficult time in science =~ A B C D E
classes. ' ' '
-EVENTE: You ha;fe been able to completé ydur last few assignments easily.
I7V. The problems were mof,e interesting. A B C ' D | E
18. The effort you put ihfo homework at the ' A B C | D 'E‘
beginning helped.
19. .You’.re a vefy.able science student. A B C D E
- 20. You Iuckéd into wérkiﬁg with a helpful group. A B . C D E
EVENT F: You were able to umierstand a difficult science unit.
21. The wéy the teacher presented thé unit helped. A B C D E
22. Your abjlity is mdre obvioué when you are | A B C D o E
challenged.
23. You pl,.lt. hours of extra study time into it. A B C "D - E
2.4. The problems were easy bécause they had been A ‘B C D E

covered before.



Strongly Agree Undecided Dlsagree Strongly

Agree

| EVENT G: You received a low grade on a chapter test.

25. You’re not the best student in science.
26. Y_Ou studied, but not hard enough.
27. There were questions you’d never seen before.

28. The teacher had spent t00 httle class trme on
the chapter - R

| EVENT H: You have passed most tests with no trouble

29. The teacher made learnmg smence 1nterest1ng
30. Like everyone says, you’ re talented in science.
~ 31. But, you spent hours of extra time on this class.

32. The units were the beginning group, easy ones.

EVENT I: ‘There were times when yod were not able to solve science problems.

33. It was a task which didn’t interest you

34. Desplte studymg you dldn t understand it well '

enough.

35. Your frlends lack of : attentron in class was part
cof the problem. '

- 36. But then youvdidn’t spend time d_(')i'ng hbmewbrk.

A

A
A
A

’A..

A
A
A

A

A N

A

B

A A o a

C

C

O o o O

U o o o

Disagree: :

W om oo

m'
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Average

SUMMATIVE TEST SCORES

Period 2 Test Summary (Control Group I)

Marking Period | Marking Period Il -
3 = E E
% @ - 2 g % _ = 2
=l B & § g « 3| 3| &
5 g B z = g 5 s x
E w 5 B - - g o a =
1 I 3 8 8 g 2 g 3
8 2 E £ - £ 5 £ ¥ e
2 s 2 3 s S & s S & |
70 62 91 82 52 89 95 80 76 78
75 70 75 46 82| 66 99 72 75 74
69 74 60 78 86 82 95 71 83 77
72| 100 97 98 100 92| 100 94" 96 95
70 91 93 96 87’ 97 91. 90 94 92
86 85 95 92 92 94 95 92 95 94
85 94 95 .
96 90 94 80| | 83 93 99 |- 91 92 92
78 86 97 94 90| 90 99 - 80 77 79
64 59| 94 84 70| 86 88 78 85 82
82| 86 95 94 79 98 87 82 82 82
71 93 73 78 66 72 90 78 78 78
82 93 94 98 96 94 96 91 95 93
66| - 68 72 88 70 66 96 72 75 74
70| 65 64 86 70 79| 87 75 80 78
75 88 87 82 78| 89 89 86 86 86
83 91 83 80 70 79 91 85 82 84
70 91| .95 88 70 92 99 87| 90 89
80| 84 90 94 87 79 98 .90 91 91
89 98 | 100 98 92 99| 100 98 97 98
76 82| 90 74 83 90| 89 85| 83 84
70| 97 85 94 70 70| 83 85 78 82
81 83 93| 98 83 90 98 90 91 91
86 91 96| 100 . 97 98| 100 94 94 94
60 72 81 70 | 62 77| 27 71 60 66
76.2 | 83.72 | 87.56 | 86.33 | | 79.79 | 85.88 84.04 | 84.79 | 84.42

91.29




Period 5 Test Summary (Confrol Groupll) -

Marking Period| . . ‘Marking Period Il
= 7
w8l e 2 £ B = g
2 >, o | E = R — , o
2| § g2 3 3 3 5
c [0} Q =z . o [y = C = >
o (= S| o L D ¥ @ . <C
= w = e % | = = a o o
2 o3 w3 o 3 o ) o 3
? 3 -g e Y E 5 £ £ ®
8| &| s| 5% s | 28| ¢ & 5 5
= = < |- O+ T2l O R = = ()]
62 84 85 78 .61 83| 74 75 75 75
70 63 88| - 68 70| 78 88 76 76 | 76
70 84| 90 68 || . 70 76| 73 82 80 81
97 98 99 | 100 93 96 [ 100 | . 99 . 98 .99
79| 90| 94| 82 84| 97| 100 ‘ 88 93 | 91
82 79| 92 90 82 95 96 | - 88 92| - 90
70 70 88| 70 66! 76| . 93 - 78 - 80 79
90 91 96 92| | 97 96| 100 . 95| 97| 96
- 76. 87 91| .88 71 91| 100| ' 88 | 90 89
82| 81 96 80 77 98| . 99 . 88| 91| 90
71 70{ 81| 70 | 70l - 71| o1 77 77 77 |
87| 76| 88 94| | 88| . 91 95 87 91 89
82. 83 98! 100 |- 94| 100| 100 92 95 | . 94
75 80 83 54| | 70 85| 94 : . 76| - 80 78
70 89 . e - ' - . )
70| - 73| - 92 70| 66 90| 84 80 78 79
80| 85| .94 98 82| 89 93 _ 91 90 91
86 80 93| 90| 99| .99 100 90 98’ 94
97| 87 97 | 100 . 7917 97| 99 94 94 | 94
- 71 68| 90| 82| | 70 88| 100 | _ 82 90 86 .
87 85 95 98 1000 96| 100 ‘ 94 96 95
76| 78 81 84 - 70 89 98 . 83 88! . 86
70 | 71 94 90 70| . 82| 100 - 84| - 85 ' 85
81 77 91| 78 . 74| 100 | - 100 86 91 89
88 83 94| 98 74| 97| 100 90| 93 92
70 80 98 90| | 70| 83 85| 82 78 80
89 93| 87| .82 984 95 79 90| . 90| 90
at . ' 74 74| 72 60.| - ' B8 71 70
Average | 78.81 | 80.93.| 91.35 | 84.00 78.48 | 89.26 | 92.63 ' 85.30 87.30 | 86.48




Avérage

Period 8 Test Summary (Experimental Group)

 82.18

__Marking Period | Marking Period Ii
. g 7'“_ ‘ |
3 B o g | 8
= 2 = '3 K
E S| .8 % o £
.0 o =2 i N 0}
5l s & S| Bl3 - §
2| &| °E £ S E £l
3 o S E 5| 28 -
= = < pd = O W
97 | 102 96 | 100 97 91| 100
711 63 82 70 70 86 96
61 70 83 78 70| 74 72 |
70 76 93 80 70 69 86
77| 84 89| .70 83 71 89
70 75 78 74 70° 70 96
76 65 74 72 70 70| 71
72 76| 87| 84| | 86 88 95
83 86 90 94 79| 88| 84
92| .95 98 96 79 90 99
70 85 96 78 70| 70 87
70 67 77 70 70 70| 84
70 82 96 96 79 93 89
74 87 94 70 88 72 81
73 90 91 90 70 95 '94
72 86 66 80 | 74 70 99
- 80 90| . 97 98 . 80 91| 90
88 90 95 90 971 96 98
78 84 89| 80 68| - 96 96
82 90 98 98 82| 90 91
86 86| 100.| - “90. 82 96.| 96
88| 71 96| 98| 81 93 99
90 96 97| 100 | 70 98 96
70 74 81| . 70| 71 70 88
89 77 92| 70 72 71 91
70 87 85 70 72| 70| 70
70 93| 95 92 93 97 | 99
78 74| 99| . o
77.39 89.79:| 83.:63 | | 77.52

8278

80.22

-« 2,
8 B| ¢
Q| a <
2 2 2
2 2 e
99 96 98
73 83 78
- 78 75 76
83 76 80
81 82 82
79 82 | - 81
74 75 - 75
84 a0 87
88 83 86
a5 ao |. 93
84 80 82
73 74 .75
86 83 | 85
84 82 83
88 87 88
82 85 84
94 a3 94
94 98 96
85 83 84
94 - 91 a3
93 93 93
a0 91 91
96 | 92 94
67 80 74
80 80 80 |
81 75 76
g9 . 95 92
84.96

84.96

- 84.91
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Name | | . Pd.

Log onto www.thinkquest.org

Click on Library (in the upper, right corner)
Search for: M & M Mess up: Mars/Metric
Click on “Visit site”

1. What was the purpose of the Mars Climate Orbiter mission?

2. Explain what caused the mission to fail.

3. The main body of the spacecraft of the Mars Climate Orbiter was 2.1 meters in
height. Convert this height into feet. (2.54cm = 1-in.)

4. The total mass of the spacecraft and the fuel was 629kg What is the mass in
- grams? In pounds?

5. The closest that the Mars Climate Orbiter could safely come to the Martian
surface was 93 kilometers. How many miles is this equal to?

6. Describe how problems like this, which lead to the destructlon of the Mars
- Climate Orbiter, could be avoided in the future. : :

7. Do you feel that there is a need for a universal system of measurement? Explain.



QPS Assignment  Isotopes -~ Name B ~___Pd.#

Log onto the following websité:
http:.//ie.lbl.2ov/educ'ati0n/isotopes.htm .

Information About Isotopes -

1. How are isotopes of an element the same? How are they different?

2. What is meant by “half-life?”

The ABC’S of Nuclear Science-Basic Nuclear Science

The nucleus of an atom ié less than o the: size 6f the atom; yet the nucleus

contains more that _~ % of the mass of the atom. The subatomic particles found in the
nucleus are the __ andthe ~ . - :These particles are held together by a
strong ' ' o '

Approximately how many stable isotopes are found among the elements? Unstable
_isotopes? ‘ A '

Explain how fusion differs from fission?

htt ://Www.chem..dﬁke.'edu#'ds/cruise chem/nucl‘ear/uses.html

1. americium-241 _ B
' a. What is this isotope used for?

b. How many protons, neutrons and electrons are found in this
isotope? '

¢. What is the atomic number of this isotope? |



2. Carbon-14
a. 'What is this isotope used for?

b. What is the half-life of Carbon-142

3. Cobalt-60 | :
a. Several meats are irradiated with Cobalt-60. What is the purpose
of this-process? : S

b. In other countries some fruits and vegéfables_ are irradiated with
Cobalt-60. What is the reason for this? Why is this procedure not
“normally done in the United States? ‘

4. Explain how isotopes may be useful in agricultural studies..



QPS Chemistry Projec_t" “ Due Date:

The objective of this pI‘OjCCt is to research a common household chemlcal mtegrate
multiple concepts learned throughout the year, and create a pamphlet/booklet
summarlzmg your ﬁndmgs

The Chemistry of [EACH STUDENT ASSIGNED A COMPOUND]
Include the following: |

1. Chemical Name & Formula
e Explain whether chemical is an 1on1c or a molecular compound relate to’
atomic structure

e Shape, geometry, or structure of the compound.
. Common name.

2. Chemlcal Quantmes :
e Molar mass- show units and how itis dctermmcd
* Calculate percent composition of each element in the compound.
e Isthe chemical formula an-empirical formula ‘molecular formula, or both‘?'

3. Chemical Reactions -

e Identify/show a balanced chemical reactlon that the compound may bc
involved in. (This may be thc productlon of the compound or any reactlon
you are able to show). :

¢ Identify/explain reaction type (synthe51s decomposition, single-
replacement...) : : ‘

4. Stoichiometry
¢ Demonstrate, usmg the above balanced chemical equatlon your ability to
perform:
1. Mole-mole calculations
2. Mass-mass calculations
3. Limiting reagent 1dcnt1ﬁcat10n
4. Percent yield.

S. Historical use/dlscovery of the compound.

6. Current uses of the compound/how the compound works
Pros/cons, precautions

7. Methods of commerciul production
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Marking Period I |
Include the following:

Portfolio Due Date :

Name

1. Quizzes, Tests, Mini Lab Worksheets & Formal Lab Reports For any assessment below 70%, 1nclude correctlons made as well as
explanations of why errors were made. Also include re-tests if any were taken. :

2. Write a reflection on your favorlte lab act1v1ty from the first marking period. Include the reason you chose it and explam what you
learned from it. o .

3. Proofof understanding a major concépt.from the _ﬁrst marking period. You may accofnplish‘this in one df tWo Waysl:

a. Create a visual (plcture dlagram drawmg, etc.) on a sheet of paper that explains a major concept or theme that was learned
Be creatlve : '

-OR

b. Write a letter to a classmate that explains a major concept your learned this markmg perlod Be sure to be descrlptlve and
include examples SO your classmate also understands the concept. - :

Portfolio Scoring Rubric

1

Level 3

Categories | Level 4 , Level 2 Level 1
Content ¢ Required documents contain e Required pieces contain e  Some required pieces lack . Requ1red pieces contam
thorough information complete information complete information minimal information
-Original e Thorough understanding of e Sufficient understanding of e Some understanding of e _ Limited understanding of
work key concepts is key concepts is. key concepts is ~. key.concepts is
- -Revision of demonstrated demonstrated demonstrated demonstrated
| work _ ' ‘ : ' . _
Reflection e  Reflection shows strong » . Reflection shows sufficient o Reflection shows some ¢ Reflection shows minimal
evidence of thoughtfulness: evidence of thoughtfulness evidence of . . evidence of thoughtfulness
and deep insight "and insight - thoughtfulness-or insight or insight
Organization e  Portfolio demonstrates high ¢ Portfolio demonstrates ¢ Portfolio js somewhat . -Portfoho lacks clear
degree of complete sufficient amount of organized organization
organization organization ' -
Growth e Many articles demonstrate » Several articles & Some articles demonstrate e Articles demonstrate
strong evidence of growth demonstrate evidence of evidénce of growth or’ minimal evidence of
and learning over time. growth and learning over .learning over time. ' growth or learning over
time, time.
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