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Abstract: This paper reports on a project which aims atesking the need to cater for the
language needs of a diverse student body (both staovand international student body) by
embedding strategic approaches to learning andiiteam first year sciences in tertiary
education. These strategies consisiadive learning skills which are widely used indaage learning.
The disciplines covered by the project are Biold@gemistry and Physics and involves the
University of Canberra (UC), University of Sydn&ySyd), University of Tasmania (UTAS),
University of Technology, Sydney (UTS) and Universif Newcastle (Newcastle) in Australia.
This project ifunded by the Australian Learning and Teaching @d§ALTC). The paper discusses
the background to the study and reports on resualthe language difficulties faced by first year
science student cohorts from data collected in 280&ell as qualitative data was also collected
on 2008 students’ attitudes towards online scidsaaning. It will also report on the results on
the implementation of the learning strategies aBl@nd UTAS in Physics and Chemistry
disciplines in 2009.
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Introduction

This study reports on a project which aims at askirng) the need to cater for the language needs
of a diverse student body by investigating stratagiproaches to learning and teaching in first
year sciences in tertiary education. The discigliocevered by the project are Biology, Chemistry
and Physics and involves the University of Canb@d@), University of Sydney (USyd),
University of Tasmania (UTAS), University of Techogy, Sydney (UTS) and University of
Newcastle (Newcastle) in Australia.

Specialist terminology in Biology, Chemistry andyBics has proved difficult for most students
(Wellington & Osborne, 2001). Students have diffigwuecognizing where a concept begins and
ends and therefore cannot differentiate conceptang and Lidbury (2006) identified difficulties
with language as contributing significantly to plerbs students experience in studying science
(specifically Genetics). In this study, we seektplement language oriented strategies (Table 1)
developed by Zhang and Lidbury (2006) for First iYBelogy, Chemistry and Physics lectures
and tutorials with the aim of evaluating the betsedif those methods. One distinctive feature of
this project is that the llanguage expert did each any of the classes unlike similar support
programs which aimed in providing language supfmhtternational students (Murray, 2007).
The language expert worked collaboratively withueers in the disciplines closely but she was
never ‘positioned by academic staff as being resipda for the students’ learning and language
development’(Murray, 2007). Nor Zhang asserts lositipn as an ‘epistemological authority



rest(mine: ing) on an understanding of second lagguwacquisition (SLA)’ (Wai, 2008). Instead,
she was position as a novice first year studerit mat previous HSC experience (but an expert in
language learning and teaching). In this projdwt,language expert ‘learned’ the content of the
disciplines by direct experience and in this precastempts to (a) make lectures more accessible;

(b) look for opportunities for small group partiaipon; (c) look for opportunities to develop
students’ communication skills in communicatingestific knowledge to lay communities; (d)
create opportunities for providing formative feedbaoth face-to-face and through online
activities through negotiating and collaboratinghathe disciplinary lecturers. Some of the
activities focused on language issues, others &atos active learning strategies.

Table 1: Proposed Language oriented Techniques to be implemented in the project

1. Small group work in tutorials using guided qicast.

6. Attaching sound files to vocabulary

2. Students are provided with a list of terms and,
through the process of group work, place thesegénm
relation.

7. Breaking down long words to aid memory by
identifying prefixes and suffixes, and exploring ttoots
and origin of words. (UTAS, Usyd, Newcastle)

3 Giving students opportunities to put forward thei
points of view in groups.

8. Using warm up activities such as matching sifient
terms to definitions for revision purposes. (Newiegs

4. Using online language exercises such as crosswor

gap-fill (Cloze) exercises.

9. Using of flashcards for vocabulary revision
(Newcastle, Usyd)

5. Providing stimulus quizzes for lecture and tiatior
materials on WebCT thus encouraging students to
prepare before the lecture.

10. Role playing: students practise conveying cexpl
scientific discoveries to the public. (Newcastle)

Context and characteristics of the students

Students undertaking tertiary studies in scieneeadrighly diverse group. For instance, at the
University of Sydney (USyd) in 2008, there are 86@ents from various faculties in the first
year Chemistry cohort. Three-hundred and eightlitestudents have little or no HSC Chemistry

while 116 students have very high UAI Chemistryresdgreater than 98 for Veterinary Science

students). With such a diverse group there is,raliyy a wide range of interest in and aptitude
for the subject. Such diversity is typical in caisan Biology, Chemistry and Physics at the
participating Australian universities in this prcie

Progress of the project

In the first six months of the project, an initisseline language difficulty questionnaire was

distributed in UTS, UTAS and USyd by the end of IRi008. The language expert visited UTS,

UTAS and USyd to observe classes and implemented ttstigueaire in April, 2008. For the
Genetics unit at the University of Canberra (UGJ) &rst year Biology at the University of
Newcastle it waslecided to replicate this phase of the projectdmé&ster 2, 2008 when the
participating lecturers were teachifignis constitutes Stage 1 of the project (see Zhhiddpury,

Bridgeman, Yates, Rodger, & Schulte, 2008 for d&tal he language expert (FZZ) also discussed

with lecturers appropriate places to implementbervention in year 2 of the project.

Administration of the language difficulty questionnaires

In this project, we adopted a model which varieghsly from that of Jacobglacobs, 1989\We
distributedone questionnaire through the LMS of the partieipinstitutions. In this
guestionnaire, we tested comprehension of ten camierans. The examined terms are;
‘research’, ‘power’, ‘concentration’, ‘equilibriugigraph’, ‘system’, equation’, ‘experiment’,
‘model’ and ‘significant’.The criteria for selection of the words were tleyt have to be:




« Words used as basic currency in physics, chemastdybiology lectures and for which
definitionswould be assumed unnecessary; and
* Words which in lay contexts acquire more flexibhel @pproximate meanings.

For example, in the question related to ‘reseafimhthe Chemistry and Physics disciplines, the
following was provided:

‘We carry out research to find out the answersctergific questions.” What is meant by the word
‘research’ in the sentence above? (There may be than one correct answer). They are then
provided with five answers for this question:

Student response Correct answer Value
A observing the results of a series of chemicattieas yes 33.33%
B Answering an exam question. No -10%
[ Looking for information in the library or on-line Yes 33.33%
D Copying information out of a textbook No -10%
E Testing a hypothesis yes 33.33%

Each correct answer is allocated 5 marks eachstiident chose the three correct answers,
she/heshould score 15/15. This indicatesenpleteunderstanding of the term in different
contexts. Anyscore less than 15 suggest an incomplete undensgpofthe term. All 10 terms
followed a similafformat. Then in the second part following each tjoasvas a related
confidence question whidssessed how confident a student was of the ckdite(she made:

Student response Value
A Yes, | understand the meaning of this word 100%
B No, | do not understand the meaning of the word -100%
C | have some idea of the meaning of this word. 0%

USyd and UTAS are using ttackboardLMS (formerly WebC7 which allows printable
statistics for a cohort of students to be obtafiee@ach questionnaire. From the printable
statistics, the percentage of students who havedsimated a complete understanding of a term
in different contexts and how confident they aréhefir understanding can be obtained. If we
divide the ‘Yes’ confidence levétolumn 2)by the percentage of students demonstrating a 100%
understanding (Table 8plumn 3) we are able to establishdelusion index’. A high value in the
‘delusion index’ column suggests tlsatidents are highly delusional about their undeditey of a
particular term.

For instance, for the term ‘power’ in Table 3, &udeon index of 2.14 suggests that students are
morerealistic about their understanding of this tevhien compared to their understanding of the
term ‘significant’ which has delusion index of 18.1f we look at the term ‘significant’ with a
delusion index of 15.13, it means that student$aylely delusional of their understanding. This
is demonstrated by only 3.2% of the student bodletstood this term completely but 48.40% of
students thought they understood the term complétedicated by the value in the
corresponding ‘Yes’ column). A ranking of the diffiity of the terms (from the easiest=1 to the
hardest=10) is also provided by examining the peege of students who achieved 100%
understanding of any terms. Below are the tableg/sty the results of this questionnaire from
USyd UTAS, Newcastle and University of Canberra



Analysis of questionnaire data

Chemistry discipline

Table 2: Chem1001/1101/1901 at USyd

Terms Ranking (easiest=1,
hardest=10)

Significant 10
Model 9
Power 8
System 7
Equilibrium 6
Research

Concentration 4
Graph 3
Equation 2
Experiment 1

Key:

Chem1001 (Fundamental students with no previous Ef&mistry) at USyd
Chem1101 (Students with HSC Chemistry) at USyd.
Chem1901 (students with HSC chemistry and high ARNSyd

Table 3: Chemistry 1A (mixed cohort) at UTAS

Terms Yes 100% Delusion Ranking

understanding | index (easiest=1,hardest=1(Q)
Significant 48.40 3.2¢ 15.18 1p
Research 73.5 9.1p 8.08 9
Model 48.40 12.90 3.7
System 58.10 19.4 2.9p 7
Power 48.40 22.6( 2.14 b
Concentration 87.14 25.8p 3.38 5
Equilibrium 76.70 32.30 2.317 Il
Equation 77.40, 35.5 2.1B 3
Graph 87.10 41.9( 2.08 4
Experiment 83.90 71.0 1.18 1

Table 2 is a composite table of the rankings okthinom the three cohorts from USyd. The data
in Tables 2-3 suggest that terms such as ‘modgjnificant’, ‘research’, ‘power’ and ‘system’
are the most difficult for science students. Nbot tresearch’ was one of the most problematic
terms. From the example which described the quesincresearch’ on page 3 of this paper , we
can see that in order to achieve a 100% compleateratanding of this term, students had to tick
all the correct answers (a, c and e). The threeenssreferred to the understanding of the term in
scientific and non-scientific contexts. The mor@uylar choice ticked was ‘e=Testing a



hypothesis’ which was the scientific definition wvitvhich they might be most familiar. This
could be interpreted as symptomatic of studentiityato transfer knowledge gained in science
to other realms of knowledge.

Physics discipline

The questionnaires were constructed slightly difélly at UTS. Only 5 terms were used and no
confidence questions were posed (Table 4) duectmieal difficulties with the questionnaires.
Out of the five terms, ‘concentration’ which wagdsn Chemistry questionnaires at USyd and
UTAS, had been changed to ‘density’ as this is nsorted in the physics context. However, it
was not possible to derive a ‘delusion index’ baestine confidence questions were not deployed
at UTS.

Table 4: Physical Modelling students at UTS

Terms 100% understanding Ranking
(easiest=1,hardest=5)
Research 15 5
Equilibrium 17.5 4
Power 25 3
density 27.5 2
Graph 42.5 1

Biology discipline

The questionnaires were also distributed to fiestrystudents at the University of Newcastle and
second year students at UC. Since both these sitiesrare involved in the discipline of Biology,

the same language difficulty questionnaire appetprio Biology was distributed. See Table 6. A

the University of Newcastle, one item (significawgs repeated (which was due to human error)
and the item on ‘model’ was not included. Therefiwetable shows the data for nine items
rather than ten.

Table 5: University of Newcastle, Biology 1002

Terms Yes 100% Delusion Ranking

understanding index (easiest=1,hardest=1q)
significant 44.44 33.33 1.38 D
Equation 72.22 38.8¢ 0.5 B
Research 77.78 44.44 0.7 7
Equilibrium 66.67 50.00 0.74
Concentration 77.78 61.1D 0.19 5
Power 44.44 66.67 1.5p 4
Graph 88.89 77.79 0.88 B
Experiment 66.67| 83.3 1.2b 2
System 72.22, 88.89 1.2B is




Table 6: University of Canberra®ear Genetics 6531, 2008

Terms Yes 10094 Delusion Index Ranking (easiest=[,
understanding hardest=10)
MODEL 9.50 4.00 2.3 10
EQUATION 21.90 15.00 1.46 9
POWER 25.70 15.00 1.71 8
EQUILIBRIUM 25.00 18.00 1.39 7
RESEARCH 66.80] 33.0( 2.0p 6
SYSTEM 65.00 36.00 1.81 5
SIGNIFICANT 57.10 40.00 1.43 4
EXPERIMENT 64.40 43.00 1.5 3
CONCENTRATION 72.00 46.00 157 2
GRAPH 69.40 48.00 1.41 1

In conclusion, the results reported above showttfestudents from theve institutions had
problems with the ten terms tested. This signalsrgent need for language focused training in
the teaching of first year science.

Methods

The project is to be carried out in two years. Dgrihe control part of the project in 2008, no
intervention took place except the implementatiblaoguage difficulty questionnaires.
Lecturers taught the subject matter as how theydvwoormally deliver the material and students
were assessed in the normal fashion. Assessmentalétcted during this phase constitutes
baseline data to which data from the experimeritakp of the project in 2009 will be compared.
2008 student cohorts constitute the Control grafgdudents. Students, in 2009, in the
participating universities constitute the Experitaigroups of students. At the time of
submitting this paper for refereeing, interventibase taken place at UTS in Physics and UTAS
in Chemistry.

The next stage in the project is for the languagees to work alongside the science lecturers to
find the best possible ways of implementing thatstgies listed in Table 1. Having identified in
year 1 of the project that there is a gap in sttelemdersanding of common scientific words,

we intend to enhance student awareness of thedgegused in each disciplinesibygpiring

them ‘to recognise that scientific discourses aspexialised subset of ordinary language,
requiring constant alertness to precision and dssipility of idiosyncratic meaning’ (Jacobs
1989). In order to ‘inspire’ students, we intendrtgplement a range of language specific
education techniques to alert students that (Qigion of these terms in science is important and
(2) how to check that they are being precise wieingithese terms. Zhang and Lidbury (2006)
implemented a range of language specific educdttenhniques to encourage such thinking.
Results of Zhang and Lidbury (2006)’s study sugegb#hat students favoured the use of small
group work to acquire difficult and abstract geoetncepts. We decided to implement (1) a face
to face (FTF) learner-centred, interactive lectygimotocol and (2) online content and language
support for learners (ONLINE) in the experimentalge of the project.



The FTF protocol consists of the following phases:
1. During each lecture, the lecturer build into lgwture materials, short survey questions
made available on votapediattp://www.votapedia.cojror audience response devices such
as clickers\yww.keepadinteractive.conto offer feedback on lecture content
2. During tutorials, interactive activities areroduced. Such interactive activities can include
small group discussions involving the linking ohcepts learned (Techniques 2 in Table 1)
and activities related to technique 7, or 8 orriUable 1.

The Votapedia tool (www.votapedia.com) was usadTsS in first year Chemistry in semester
one, 2009. According to the main page of the webi¥ibtapedia is an audience response system
that doesn't require issuing clickers or need gistinfrastructure. Known users can create
surveys and edit the surveys on the site. Onceedign, students can participate in surveys either
through mobile phones, online or through SMS. Buwtline through mobile phones are free to

the students but there will be a charge through SMS
(http://www.votapedia.com/index.php?titte=Main_Padd UTAS, when this was implemented

in the lecture theatre, because only Telstra maitittnes can get signal, only students with
Telstra phones could phone through. Other studeréesl using a raise of hands.

UTS used clickers in 2008. 2007-2008 results orudeeof Clickers at UTS (Schulte, 2008)
suggested that the use of clickers enabled a sest@iarticipation in lectures from the beginning
till the end of the semesters. However, surveyltesuggested that even though students felt the
feedback they obtained from the use of clickergaitheir on-the-spot understanding, the
feedback could be better used as diagnostic todlsat long term more structural change can be
implemented to help the students to self-strudtuee study (Schulte, 2008). In 2009, due to a
large increase students in semester 1 2009 (ahanteease of 100 students thus raising the final
student count to 530) clickers were not used batse of hands were used. This was
complemented by small group student to studentgydiscussions (Technique 3 in Table 1) and
then students to teacher discussion in biweekbyiis. Only one hour was available in these
tutorials. However, at UTAS, due to institutionahstraints, small group activities could not be
built into the weekly tutorials.

In the ONLINE protocol, students are presented wittumber of quizzes online before each
lecture each week. This protocol involves the im@atation of technique 5 in Table 1. The
research team involved in Physics and Chemistgteds implemented and collected data on a
set of language specific online quizzes for thpeesve disciplines in 2009. In 2008 and 2009,
the Physics assignments deployed through the Wileywebsite consisted mainly of calculation
types of questions. Below is an example:

On a dry road, a car with good tires may be ablaase with a constant deceleration of 5.28
m/<. (a) How long does such a car, initially travedliat 24.4 m/s, take to stop? (b) How far does
it travel in this time?

(@) Number 4.62 Unitss

(b) Number 56.38 Unitsm




In order to get away from the assumption thatutishts can correctly do the calculations, then
they have understood the subject matter, we atsadinced a ‘Physics concept surveys’ which
tested the language used in Physics (see Appehddt UTS in this unit, there was only a one-
hour tutorial available every fortnight for the déts. During these tutorials, the lecturer also
incorporated Multiple Choice and concept questi@tested to language use. These concept
questions were created specifically to test stiglemiderstanding of particular concepts such as
‘force’ in Physics and the use of ‘force’ in reéé| For example:

Meaning of 'force’

Which one(s) of the following sentences contairifogce’ have
meanings that are close to the meaning of 'foncBhiysics: 1.1
forced the box into the closet. 2. Jim was fordimg nut on the bolt.
3. | forced myself to go to class everyday. 4. Myegnts forced me
to go to college. 5. The force on the ball madeadve. 6. The

bomb exploded with great force. 7. | was hit byfibree of the 18
wheeler. 8. She used a very forceful tone of voice.

a)l, 2,4,3,b)3,4,8c)1,2,and5d) 5,6,7

During the semester one in 2009 at UTS, two calimrdype tests and a final exam were
conducted. This enabled the results of these amstexam to be compared with similar tests and
exam used in semester one 2008. In addition tpaH#hysics Concept survey was also
administered. This survey combines 16 questiordaelto definitions of physics concepts such
as ‘force’, ‘momentum’ and 25 questions on ‘theriyramics’ taken from (Yeo, 2001). 269
students completed the survey. However, becauseetti was not administered in 2008, no
comparison is possible. However, since this Physiogept test tests students’ ability to
differentiate everyday use of physical terminoléigym the specific meaning of these
terminologies in Physics, it is worthwhile to arsdythe answers to ascertaiherestudents are
still having difficulties even after instruction.

At UTAS, pre-lecture multiple-choice questions witii feedback were provided to students on
their LMS. In order to ensure full participation sudents, access to assignments (which
contribute to their grades) would only open on clatipn of these quizzes with full feedback. In
this project, students who do not wish to partitgga the project have an opting out option
which they can tick. Once this option is tickecitinormal assessment item will become
accessible as per normal.

Evaluation

The project draws on the following data collectioathods to evaluate the research:
1. Pre- and post tests focused on language issutte(beginning and end of 2008);
2. Institutional teaching evaluation questionnairesrfrsemester 1 and 2 in 2009;
3. Examination and test marks in 2008 and 2009.

However, at the time of submission of this papaly some of the examination results are
available for UTS and UTAS. Results of institutibteching evaluation results and staff and
student focused group interviews have not yet Ineate available. It is envisaged that the FTF
and ONLINE protocols will improve Experimental gpsuof students’ understanding in the
various disciplines as demonstrated by their bettamination and test marks when compared to



the Control groups’ results. We will report on soofi¢he data collected from UTS and UTAS
next.

Results

UTS in Physics

The final exams in Physics at UTS in 2008 and 2@fi%sisted of 8 sections. These were on
‘Kinetics’, ‘Forces’, ‘Momentum and energy’, ‘Eqiblium’, ‘Thermal’, ‘Electricity’,

‘Oscillations, Waves’ and ‘Optics’. In 2008, theyBIts unit was taught entirely by the staff
member who is participating in this project. Howewe 2009, the same unit was taught by three
different staff. Only the sections on ‘kineticdorces’ and ‘momentum and energy’ were taught
by the same participating academic. Consequently,questions in these sections in both 2008
and 2009’s final exams can be used for comparativposes.

Table 7: UTS Physics, semester 1, 2008 and 20@9cdatparison

Year Number of students Kinetics, %of full markdomentum, % of full  Forces, % of full marks Energy, % of full marks
marks
2008 388 79.77 69.3 32.2 63
2009 478 83.33 75.1 46.3 53.5
% of change 23.19 4.46 8.37 14.1 -9.5
p-value 0.57 0.32 0.0 0.07

The % of full marks in each section indicates thef%tudents who obtained full marks for this
section. The information in Table 7 informs us timethe ‘kinetics’, ‘Momentum’ and ‘Forces’
sections, students in 2009 in this unit outperfaiie students in the 2008 cohort. For instance,
in the ‘Kinetics’ section, in 2009 83.33% of thedents achieved full marks for this section as
compared to only 79.77% of students in 2008. FiloerfMomentum’ section, the increase is
8.37%. In the ‘Forces’ section, the 2009 cohostatients outperformed the 2008 cohort by
14.1%. In the ‘Energy conservation’ section, 20Q&lents outperformed the 2009 students by
15%. We also used the Z test to compare the 2 erdmt proportions and it is found that only
the change in the ‘Forces’ section is highly siigaifit (p=0.000 to 3 decimal points) and with the
change in the ‘Energy’ section approaching staassignificance with p=0.07.

Analysis of the Physics Concept survey (see Appendix 1)

Williams (1999)suggested that ‘Part of the diffigulof Physics), perhaps even a large part, lies
in language and the way we use it in the practigghgsics, and in the teaching of physics.....we
simply do not spend enough time with our studemtsi$ to use the laboratory vernacular and
expect them to assimilate it’ (Williams, 1999). Tihgportance of precise use of language,
particularly in introductory teaching of physicgshbeen emphasized by Arons (1990):

Since the words, to begin with, are metaphors, drimam
everyday speech, to which we give profoundly attexaentific
meaning, only vaguely connected to the meaninyényelay
speech, the students remain unaware of the atieratiless it is
pointed to explicitly many times-not just once’ .
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The construction of the Physics Concept survey thekadvice of Williams (1999) and refined
the definitions of many concepts in physics. Questil-16 were focused on concepts in
‘Mechanics’ and questions 17-41 focused on condap®hermodynamics’. For the 2009 group
of students, achievement in concepts in ‘Mechangsiuch higher than that in the
‘Thermodynamics’ section. For instance, in ordechieck students’ understanding of the
definition of ‘impulse’, responses to question Zasnpared to that of question 3. It seems that
while majority of the students (74%) chose the edrresponse for number 2 (c), when the
meaning of ‘impulse’ gets mixed up with nominal adjectival uses of ‘impulse’ (common in
everyday use of the word) students was a bit cedfuBhis was demonstrated by 49% of the
student body choosing (b) as the correct answeictwh not) and 41% choosing (a) the correct
answer.

Similarly, students seemed to be confused abouléfirition of ‘force’ (Question 5), 55% of the
students chose (c) as the correct definition armgl 886 chose the correct answer (b). The
correct sentences:

(1) 1 forced the box into the closet.

(2) Jim was forcing the nut onto the bolt and

(5) The force on the ball made it move.
had two things in common: (1) the word ‘force’ wesed as verb linked to an agency (or an
assumed agency as in (5)) and every use contairepasition such as ‘into’ or ‘onto’ or ‘on’
and another object. This makes the verb ‘forceanditive verb involving the interaction of two
objects. This seems to loosely fit in with the coomnalefinition of force as a push or pull on an
object. At UTS, the textbook used by this grouptoidents is ‘Fundamentals of Physics’ by
Walker, Jearl (8 extended edition). Unfortunately the way, it disses ‘force’ on page 87 is a
bit confusing. For instance, the sentence ‘Thedascsaid tact on the object to change its
velocity.’ (italic is theirs) (Walker, 2008). Thgves the impression that somehow ‘force’ itself
is an agency like a person causing the objectaogh its velocity'.

Students also seemed not to have understood timétidef of ‘mass’ (Question 11). This is
demonstrated by 3% of the students choosing (casiem one has when trying to kick a football)
the correct answer whereas 50% of the studentedboslensity) as the correct answer. The
writer of the textbook tried their best to cleartbp confusion between the use of ‘mass’ in
everyday language with the concept of ‘mass’ ingids/by saying ‘you can have a physical
sensation of mass only when you try to accelerdiedy, as in the kicking of a baseball or a
bowling ball’ (Walker, 2008). However, since mosidents might not have read the textbook in
detail, this useful discussion is likely to be reddotally.

Question 14 is a question on the definition of Nmvi4 first law. However, the key to get the
correct answer lies in the students’ understandfrtge words ‘constant’ and ‘uniform’. On page
88 of the textbook, the writer writes ‘we can camd that a body will keep moving with constant
velocity if no force acts on it’. However, from gents’ answers, only 28% chose (a) the correct
answer, 18% chose (b), 4% chose (c) and 48% chaibgd) and (b). This means 48% of the
student body thought ‘constant’ has the same megaasriuniform’.

Question 15 on the understanding of ‘net forcestetudents’ precise understanding of the cause
of an object’s acceleration. The fact that 50%hef$tudents chose (a) as the correct answer ((b)
is the correct answer) suggests that studentsdatieeability to use this concept precisely. Of
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course, as we know if the vector sum of the forse®ro, there will be no acceleration. Only
when the vector sum of the forces is larger th&h @ill there be acceleration.

Williams (1999) suggested that students often aatothe terms ‘action’ and ‘reaction’
improperly in the physics context. This is becaihsenormal definitions of action and reaction
often suggest a ‘temporal delay between actionreadion’ (p.676). In fact, the physics
definition of Newton'’s third law emphasizes ‘thensiltaneity of the forces or the symmetry of
the force relationship’. This group of students wiad fall into this trap with 68% of students
choosing (a) as the correct answer.

Table 8: Questions answered with a high degreemwéctness (greater than 70% correct)
in semester one in 2008

UTS Concepts | Content %
guestion Correct
2 Impulse | equal thehange in an object'snomentum, i.e. the product of the 74
total mass and the velocity of the centre of mass.
4 Momentum | Which one(s) of the following sentencestaming ‘'momentum’ | 76
have meanings that are close to the meaning of anaam' in
Physics: 1.After their touchdown, the other tear thee
momentum. 2. The football player has a lot of momenwhen he
tacked his opponent. 3. Our team gained momentuireigame
after intercepting the ball. 4. As the car rollenvth the hill it
gained momentum.
6 Normal This is the force that is acting along the norrparpendicular) to | 83
force the contact surface.
7 Static These are forces that are acting parallel to timaobd surface. This| 74
friction force exists when the surfaces are not movingivelgtto each
other.
8 Gravitational| It is the force that the earth exerts on any objéds directed 88
force towards the centre of the earth. Its magnitudévisrgby Newton's
second law.
9 Centripetal | This is the acceleration that is due to changergcton, not speed 88
acceleration | (in uniform circular motion) and it points towartget centre. a=v2/R
10 Weight This is a vector force with which Earth idlpng on an object with.| 83
12 Force This is the vector describing the interacbetween two objects | 86
(pull or push). The unit of force is Newton, N.
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Table 9: Questions answered with a medium degreeroéctness (between 48%-70% correct) in
semester one in 2008

UTS Concepts| Content %
question Correct
1 Momentum | | am a vector quantity of a particle whigldefined as product of | 49

the mass of the particle and its velocity. The 18t for me is kg.

m/s.
3 Impulse Which one(s) of the following sentencestaming 'impulse' have | 49

meanings that are close to the meaning of 'impirdehysics1.An
impulse made her change her mind. 2. My first impulse was to
kick him. 3. In time of crisis we act on our impess 4. My sister is
an impulsive shopper.

5 Force Which one(s) of the following sentences dontg ‘force’ have 36
meanings that are close to the meaning of 'foncBhiysicsi.I
forced the box into the closet. 2. Jim was for cing the nut on the
bolt. 3. | forced myself to go to class everyday. 4. My parents
forced me to go to colleg8. The force on the ball madeit move.
6. The bomb exploded with great force. 7. | wadkithe force of
the 18 wheeler. 8. She used a very forceful tonmirfe.

11 Mass This is a scalar quantity which describes difficult it is to 49
change an object's velocity (sluggishness or im@ftithe object).
Which one of the statements below describes theiBhdefinition

of mass?
13 Newton’s | An object cannot continue to move with the samedand in the | 65
first law same direction. It will eventually stop.
14 Newton’s Every object in its state of rest or velocityina | 28
first law line, unless it is compelled to change state by |
force acting on it.
15 Net force When will an object accelerate? 45
16 Newton’s Which of the following statements about Newtont [8w are 68
third law correct? 1. For every action there is an equalcgpasite reaction

simultaneously. 2. For every action there is arakguod opposite
reaction but a time delay is allowed. 3. Forcesioatthe action-
reaction pairs simultaneously.

The rest of the Physics Concept survey (Questiefil) €oncerns concepts in Thermodynamics.
Questions 17-41 were taken from (Yeo, 2001). Unfuately, all students only achieved a low
degree of correctness (less than 48%) with thisqdahe survey. This is much lower than the
results reported in Yeo (2001). At the time of sitbng this paper, we are still waiting on
student feedback on the unit in 2009.

Results of Test 1 for Chemistry at the UTAS
At UTAS, no Chemistry concept test was administened therefore only results on the results of
the tests are reported.

Table 10: Descriptive statistics in Test 1 of Chemistry 1A semester 1 2008 and semester 1 2009

Test1 Unit N Mean Std. Deviation
Ch1aS108 210 19.40 5.340
Ch1aS109 218 20.79 5.513




Table 10 shows that the mean increased by 1.33yaising from 19.40 to 20.79. An
Independent Samples T-test was done on the dathga@orresponding first semesters of 2008

and 2009. This finding is 99% reliable with p =@0 Therefore, the conclusion can be reached
that the two groups achieved significantly différezsults in this test.
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Table 11: Independent samples t-test comparing descriptive statistics of Test 1 in semester 1 08 with semester 1 09
Test 1 respectively

Std. Std. Std. Significan
TiSt Unit N Mean | Deviati Error Unit N Mean Deviati St&.elirnror PZAP:E;]Ne ce (Equal

on Mean on 9 assumed)
Al Ch1aS108| 192 6.84 1.59 0.11 ChlaS109 193 8.00 66 1 0.12 1.16 0.000%*
A2 Ch1aS108| 192 6.20 2.28 0.16 ChlaS109 193 6.99 86 1 0.13 0.79 0.000**
A3 Ch1aS108| 192 6.97 211 0.15 ChlaS109 193 6.88 11 2 0.15 -0.09 0.666
A =
total ChlaS108| 192 20.02 4.80 0.34 ChlaS109 193 21.88 4 46 0.33 1.85 0.000**
B1 Ch1aS108| 192 6.12 2.34 0.17 ChlaS109 193 6.10 61 2 0.19 -0.02 0.949
B2 Ch1aS108| 192 5.80 2.48 0.14 ChlaS109 193 5.04 20 2 0.16 -0.76 0.002*
B ChlaS108| 192 11.92 4.13 0.3d ChlaS109 193 1115 1 43 031 -0.77
total 0.073
total | ChlaS108 192 31.94 7.90 0.57 Ch1aS109 193 0233, 8.06 0.58 1.08 0.185

Key: A: Structure and Bonding; B: Organic Chemistry; The numbers 1, 2, 3 etc stands for the number for the
questions.

Table 11 summaries a comparison of the descrigtafestics of each of the questions in both
2008 and 2009 test 1 papers respectively. Forrnostandependent samples t-test showed that:

1.

2.

3.

there is an increase in marks of 1.16 points foes@ion Al of the paper and this change
between the two cohorts is highly significant (380 to 3 decimal point).

Similarly for Question A2, an increase of 0.79 wahkieved from 2008 to 2009 and this
change is also highly significant (p=0.000 to 3idet point).

On the other hand for Question b2, a decrease. 0 ¥WWas achieved from 2008 to 2009
and this change is also significant at p=0.002lleM&s shows that while 2009 cohort of
students performed better in section A: structmek l@onding, they still found section B:

organic chemistry much harder. This signals an afélae curriculum for further
development.

Table 12: The distribution of grades for Test 1 in semester 1 2008 and semester 1 2009.

Grade
FAIL ’ P ’ CR ’ DI ’ HD Total
Unit Ch1aS108 Count 37 67 36 31 21 192
% within Unit 19.3% 34.9% 18.8% 16.1% 10.9% 100.0%
Ch1as109  Count 28 | 57 | 38 | 45 | 25 193
% within Unit 14.5% | 29.5% | 19.7% | 23.3% | 13.0% 100.0%

Table 12 illustrates the distribution of the grattasTest 1 in semesters 1 in 2008 to 2009. It can
be seen that the % of failures has dropped fror®%9n 2008 to 14.5% in 2009, a drop of 4.8%;
the % of Passes has dropped from 34.9% to 29.%¥gpaof 5.4%; the % of Credits has
increased from 18.8% in 2008 to 19.7% in 2009 nareiase of 0.9%; the % of Distinction has
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increased from 16.1% in 2008 to 23.3% in 2009 nareiase of 7.2%; and finally the % of High

Distinctions has increased from 10.9% in 2008 t®%3in 2009, an increase of 2.1%. Data

contained in Table 10 lend further support thatitierventions in Chemistry 1A at UTAS

improved student learning in 2009.

Discussion

In each of the Science discipline under investoygtthere are an enormous amount of resources

at the students’ disposal in 2008. However, dostngients make use of these enormous arrays of

resources in the past? The short answer is ‘notalleck of time and energy. Consequently, they
chose what they concentrate on without any or nguettance. Limited data contained in this
paper from UTS and UTAS Physics and Chemistry stbghow that even with large cohorts,
learning intervention can be successful. The datly supports the use of Votapedia and

Online full feedback questions as useful supporthaaisms. This project has already create a

framework for lecturers to provide students withrenoognitively and pedagogically sound

guidance with specific examples of what such gutdacould look like in each of the disciplines.

Some of them have already been provided in thiepdurther information will be made

available in the final report and on a dedicatetisite. This project is already influencing the

way first year Chemistry and Physics are tauglat inndamental way at UTS and UTAS. The
results from both sites also highlighted particaegas of difficulties for students such as the
understanding of Newtonian laws in Physics andher@istry, organic Chemistry seems to be of
particular difficulty for students. It is hoped thhis project signals the beginning of a dialogue
among science lecturers about how to deal withcditf content areas as well as deciding what
we expect from our students in the first year smecurriculum.
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Appendix 1
1. Definition 1
| am a vector quantity of a particle which is definas product of the mass of the particle anckiiscity. The Sl unit for me is kg. m/s.
a. linear momentum
b. momentum
€. angular momentum
d. bothaandb

2. Definition 2

| equal the change in an object's momentum, ieeptbduct of the total mass and the velocity ofdieter of mass.
a. momentum

b. acceleration

c. impulse

3. Meaning of impulse

Which one(s) of the following sentences contairlimgpulse' have meanings that are close to the mgadfi'impulse' in Physics: 1.An impulse
made her change her mind. 2. My first impulse wedddk him. 3. In time of crisis we act on our intges. 4. My sister is an impulsive shopper.
a. 2,3,

b.1

c4

4. Meaning of momentum (Taken from Itza-Ortiz, ReheZollman, & Rodriguez-Achach, 2003)

Which one(s) of the following sentences contairingmentum' have meanings that are close to theimgah'momentum' in Physics: 1.After
their touchdown, the other team had the momentuh@ football player has a lot of momentum whemao&ed his opponent. 3. Our team
gained momentum in the game after interceptind#ile 4. As the car rolled down the hill it gainedmentum.

a.3and 4

b.1and 2

5. Meaning of ‘force' (Taken from Itza-Ortiz et 2003)

Which one(s) of the following sentences contairfiogce’ have meanings that are close to the meaniiffigrce’ in Physics: 1.1 forced the box

into the closet. 2. Jim was forcing the nut onkibi. 3. | forced myself to go to class everydayv§ parents forced me to go to college. 5. The

force on the ball made it move. 6. The bomb explodith great force. 7. | was hit by the force of tt8 wheeler. 8. She used a very forceful tone

of voice.

a.1,2,4,3,

.4,

' 2,
6

nd 5

o 0o
gk w
~NQ o

6. Definition 7

This is the force that is acting along the normparpendicular) to the contact surface.
a. kinetic friction

b. Normal force

c. static friction

7. Definition 6

These are forces that are acting parallel to tidaoo surface. This force exists when the surfacesiot moving relatively to each other.
a. kinetic friction

b. static friction

c¢. dynamic force

8. Definition 5

It is the force that the earth exerts on any objéc directed towards the centre of the eatthmagnitude is given by Newton's second law.
a. gravitational force

b. net force

c. frictional force

9. Definition 4

This is the acceleration that is due to changeracton, not speed (in uniform circular motion)ahpoints toward the centre. a=v2/R
a. gravitational force

b. centripetal acceleration

c. average acceleration

10. Definition 3

This is a vector force with which Earth is pulliog an object with.
a. mass

b. weight

c. density
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11. Definition 2

This is a scalar quantity which describes how cliffi it is to change an object's velocity (sluggisss or inertia of the object). Which one of the
statements below describes the physics definitfonass?

a. weight

b. density

c. body size

d. sensation one has when trying to kick a football

12. Definition 1

This is the vector describing the interaction betwevo objects (pull or push). The unit of forcéNiswton, N.
a. Displacement

b. Acceleration

c. Force

13. Newton's first law:

An object cannot continue to move with the samedgand in the same direction. It will eventuallyyst
a. True

b. False

14. Newton's first law

Every object in its state of rest or velocity in a line, unless it is coligakto change that state by force
acting on it.

a. continues, constant, straight, net

b. continues, uniform, straight, net

c. stops, constant, straight,

d. both a and b.

15. Net force

When will an object accelerate?

a. When there is a net force on the object.

b. When the net force is more than O N.

¢. When the net force on the object is zero N

16. Newton's 3rd law:

Which of the following statements about Newtont Br are correct? 1. For every action there isgual and opposite reaction simultaneously.
2. For every action there is an equal and oppositetion but a time delay is allowed. 3. Forcesioat the action-reaction pairs simultaneously.
a.land3

b. 2

c. All the above

The following questions have been taken from (\288)1)

17. ThermalConcepts2

2. Ken takes six ice cubes from the freezer and foutr of them into a glass of water. He leavesdwdhe counter top. He stirs and stirs until the
ice cubes are much smaller and have stopped mefihgt is the most likely temperature of the watethis stage?

a.-10°C

b. 0°C

c.5°C

d. 10°C

18. ThermalConceptsl

1. What is the most likely temperature of ice custesed in a refrigerator's freezer compartment?
a.-10°C

b. 0°C

c.5°C

d. It depends on the size of the ice cubes.

19. ThermalConcepts3

3. The ice cubes Ken left on the counter have almedted and are lying in a puddle of water. Whkahie most likely temperature of these
smaller ice cubes?

a.-10°C

b. 0°C

c.5°C

d. 10°C

20. ThermalConcepts4

4. On the stove is a kettle full of water. The wétes started to boil rapidly. The most likely tergture of the water is about:
a. 88°C

b. 98°C

c. 110°C

None of the above could be right.
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21. ThermalConcepts5

5. Five minutes later, the water in the kettletils Isoiling. The most likely temperature of the tsanow is about:
a. 88°C

b. 98°C

c.110°C

d. 120°C

22. ThermalConcepts6

6. What do you think is the temperature of therstahove the boiling water in the kettle?
a. 88°C

b.98°C

c.110°C

d. 120 °C

23. ThermalConcepts7

7. Lee takes two cups of water at 40°C and mixesttvith one cup of water at 10°C. What is the riikety temperature of the mixture?
a. 20°C

b. 25°C

c. 30°C

d. 50°C

24. ThermalConcepts8

8. Jim believes he must use boiling water to madepeof tea. He tells his friends: ‘I couldn't maka if | was camping on a high mountain
because water doesn't boil at high altitudes’ Whgal agree with below?

a. Joy says: 'Yes it does, but the boiling watgugs not as hot as it is here'

b. Tay says: 'That's not true. Water always baith@ same temperature'

c. Lou says: 'The boiling point of the water dese=a but the water itself is still at 100 degrees'

d. Mai says: 'l agree with Jim. The water neves geits boiling point'

25. ThermalConcepts9

9. Sam takes a can of cola and a plastic bottt®laf from the refrigerator, where they have beermght. He quickly puts a thermometer in the
cola in the can. The temperature is 7°C. Whatlaertost likely temperatures of the plastic bottld eola it holds?

a. They are both less than 7°C.

b. They are both equal to 7°C.

c. They are both greater than 7°C.

d. The cola is at 7° C but the bottle is greatantfi°C.

e. It depends on the amount of cola and/or thedfitlee bottle.

26. ThermalConcepts19

19. Pat believes her Dad cooks cakes on the tdpiskiele the electric oven because it is hottehattop than at the bottom. Which person do
you think is right?

a. Pam says that it's hotter at the top becauseises.

b. Sam says that it is hotter because metal traysentrate the heat.

c. Ray says it's hotter at the top because therttbie air the less dense it is.

d. Tim disagrees with them all and says that dtspossible to be hotter at the top.

27. ThermalConcepts18

18. Ron reckons his mother cooks soup in a presaaieer because it cooks faster than in a normadegzn but he doesn't know why. [Pressure
cookers have a sealed lid so that the pressuideinisies well above atmospheric pressure.] Whichopedo you most agree with below?

a. Emi says: 'It's because the pressure causes twdisil above 100°C.'

b. Col says: 'lt's because the high pressure gersezatra heat.'

c. Fay says: 'It's because the steam is at a highgverature than the boiling soup.’

d. Tom says: 'lt's because pressure cookers stiredebat more evenly through the food.'

28. ThermalConcepts17

17. Dan simultaneously picks up two cartons of citete milk, a cold one from the refrigerator andaam one that has been sitting on the
counter top for some time. Why do you think the@afrom the refrigerator feels colder than the froen the counter top? Compared with the
warm carton, the cold carton?

a. contains more cold.

b. contains less heat.

c. is a poorer heat conductor.

d. conducts heat more rapidly from Dan's hand.

e. conducts cold more rapidly to Dan's hand.
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29. ThermalConcepts16

16. Amy took two glass bottles containing wate2@tC and wrapped them in washcloths. One of théielaths was wet and the other was dry.
20 minutes later, she measured the water temperat@ach. The water in the bottle with the wethvedsth was 18°C, the water in the bottle
with the dry washcloth was 22°C. The most likelgmotemperature during this experiment was:

a. 26°C

b. 21°C

c.20°C

d. 18°C

30. ThermalConcepts15

15. Kim takes a metal ruler and a wooden ruler froasrpencil case. He announces that the metale®ig ¢older than the wooden one. What is
your preferred explanation?

a. Metal conducts energy away from his hand magulathan wood.

b. Wood is a naturally warmer substance than metal.

¢. The wooden ruler contains more heat than thalmeler.

d. Metals are better heat radiators than wood.

e. Cold flows more readily from a metal.

31. ThermalConceptsl4

14. Jan announces that she does not like sittithe@metal chairs in the room because "they amecdhan the plastic ones." Who do you think
is right below?

a. Jim agrees and says: "They are colder becausgimeaturally colder than plastic.”

b. Kip says: "They are not colder, they are atsta@e temperature.”

c. Lou says: "They are not colder, the metal onssfgel colder because they are heavier."

d. Mai says: "They are colder because metal hasleat to lose than plastic."

32. ThermalConcepts12

12. Mel is boiling water in a saucepan on the stope What do you think is in the bubbles that fanrthe boiling water? Mostly:
a. Air

b. Oxygen and hydrogen gas

c. Water vapour

d. There's nothing in the bubbles.

33. ThermalConcepts11

11. Pam asks one group of friends: 'If | put 10éngg of ice at 0°C and 100 grams of water at 0°€arfreezer, which one will eventually lose
the greatest amount of heat?' Which of her frieopisiion below do you most agree with?

a. Cat says: 'The 100 grams of ice.'

b. Ben says: 'The 100 grams of water.'

c. Nic says: 'Neither because they both contairséime amount of heat.'

d. Matt says: There’s no answer, because ice d@estain any heat.'

e. Jed says: 'There's no answer, because yowgeawater at 0°C."'

34. ThermalConcepts10

10. A few minutes later, Ned picks up the cola aad then tells everyone that the counter top uredginit feels colder than the rest of the
counter.

a. Jon says: 'The cold has been transferred freradla to the counter.'

b. Rob says: 'There is no energy left in the caumteeath the can.'

c. Sue says: 'Some heat has been transferredfimootinter to the cola.'

d. Eli says: 'The can causes heat beneath th@eaave away through the counter top.'

Whose explanation do you think is best?

35. ThermalConcepts13

13. After cooking some eggs in the boiling wateglools the eggs by putting them into a bow! dflagater. Which of the following explains
the cooling process?

a. Temperature is transferred from the eggs tovtiter.

b. Cold moves from the water into the eggs.

c. Hot objects naturally cool down.

d. Energy is transferred from the eggs to the water

36. ThermalConcepts20

20. Bev is reading a multiple-choice question frmtextbook: ‘Sweating cools you down because thleaslying on your skin: Which answer
would you tell her to select?

a. ‘wets the surface, and wet surfaces draw maredoe than dry surfaces.’

b. 'drains heat from the pores and spreads itwertthe surface of the skin.'

c. is the same temperature as your skin but ipae#ing and so is carrying heat away.'

d. 'is slightly cooler than your skin because airation and so heat is transferred from your skihe sweat.'
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37. ThermalConcepts21

21. When Zack uses a bicycle pump to pump up ks tiies, he notices that the pump becomes quitéMioich explanation below seems to be
the best one?

a. Energy has been transferred to the pump.

b. Temperature has been transferred to the pump.

c. Heat flows from his hands to the pump.

d. The metal in the pump causes the temperatuigeto

38. ThermalConcepts22

22. Why do we wear sweaters in cold weather?
a. To keep cold out.

b. To generate heat.

c. To reduce heat loss.

d. All three of the above reasons are correct

39. ThermalConcepts23

23. Vic takes some Popsicles from the freezer, @herhad placed them the day before, and tellyenerthat the wooden sticks are at a higher
temperature than the ice part. Which person donyost agree with?

a. Deb says: "You're right because the woodensstiok't get as cold as ice does.'

b. lan says: "You're right because ice containgemold than wood does.'

c. Ross says: 'You're wrong, they only feel difféefgecause the sticks contain more heat.’

d. Ann says: 'l think they are at the same tempegdiecause they are together.'

40. ThermalConcepts24

24. Gay is describing a TV segment she saw the bigflore: 'l saw physicists make super-conductamats, which were at a temperature of
260°C." Who do you think is right?

a. Joe doubts this: "You must have made a mis¥kecan't have a temperature as low as that.'

b. Kay disagrees: 'Yes you can. There’s no limitle lowest temperature.’

c. Leo believes he is right: 'l think the magneswaar the lowest temperature possible.'

d. Gay is not sure: 'l think super-conductors amedgheat conductors so you can't cool them to adotv temperature.'

41. ThermalConcepts25

25. Four students were discussing things theyslkids. The following conversation was heard: Ainised to wrap my dolls in blankets but
could never understand why they didn't warm up.bWa you agree with?

a. Nick replied: 'It's because the blankets youl wsere probably poor insulators.'

b. Lyn replied: 'lt's because the blankets you wge probably poor conductors.'

c. Jay replied: 'It's because the dolls were mé&deaterial which did not hold heat well.'

d. Kev replied: 'It's because the dolls were n@fdaaterial which took a long time to warm up.’

e. Joy replied: "You're all wrong.'



