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ABSTRACT

As the exciting TV seria Crime Scene Investigaion (CSl) continues to entice its
audience, teachers are capturing its intriguein theclassroom Forensc Science is a multi-
disciplinary field which draws prindples from many branches of Science, ranging from
biology, chemistry, pahology, molecular biology and toxicology. In River Valley High
School (Singgoore), forengc science is used as a topic for a 15-week interdisciplinary
project work module in our Congrud, Integrate and Differentiate (CID) Programme.
Students are taught basic andytica techniques used in forensc science, from fingeprint
lifting, blood type determinaion, foofprint casting and drug andyses to DNA
fingeprinting. Using role play and a range of other learning activities, the students
collected and andysed evidence in ther attempt to solve the mystery. At the end of the
CID Science Cluder, the culminaing project sees Seconday Two students working in
teams to solve a modk-up crime case. This CID Science Cluger seeks to develop critical
thinking and problem-solving skills, synthesisng knowledge and skills learnt and
applying them to solve a crime case. It offers an intriguing and authentic learning
oppotunity which is chdlenging to all science students, paticularly high ability learners,

in expanding thar interests in science and providing depth in ther learning of science.



INTRODUCTION

Consder this project work activity for students at work in crime sceneinvestigaion:
Twelve groupsof Seconday Two students are broughtto a mock-up crime scene of a
murder. Thear task isto solve a crime case by collecting physcal evidence, conduding
laboratory tests and applying crime sceneinvestigaion skills to andyse theresults. This
activity captivates the studentsCettention from the start and keepsthem intensely engaged
throughout as they take ontherole of deuthsin crime detection. A few studentsarein
gloves picking up finestrandsof threadswith forcepswhile others are making a sketch
map of thesceng and indicating the locationsof evidence. Asthey examinethe
fingeaprint and bloodsamples, they discuss and interpret the clues presented by the
evidence. In thar groupreport, they conjure up aplaudble and logical storylineto
accourt for thecrime, and doaument their andysesin a portfolio. In an oral presentation
to theteache's, each group does a show-and-tell of theevidence. Using dedudive

reasoning, they judify ther condusonsbased on the study of the evidence collected.

Thisisthe culminaing task in the Forensc Science Module offered in the Science
Learning Cluder in our Congrud, Integrate and Differentiate (CID) Programme (refer to
Annex 1) at River Valey High School. It isthrough this 15-week project work module
tha students learn scientific inqurry skills and understand fundamental andytical
prindplesin forengc science. Throughthis project work, they are chdlenged to apply

critical thinking and other skills to solving problemsin real-life situaions



Attitude, Skills and Knowledge (ASK)

The CID Programme offered by River Valley High School seeks to ddiver project work
uniqudy by developing each child with therequisite Attitude, Skills and Knowledge
(ASK), astheintent of our Integrated Programme. In short, ASK standsfor:

« Attitude(Habits of the Mind)

« Skills(critical thinking skills)

« Knowedge(themes of knowledgeand modes of inquiry)

Attitude denotes the habits of theminds as described by Coga and Kallick (2000),
referring to thepostive and beneficial dispostionsdisplayed by effective peoplein
respone to dilemmas and situaionstha have no appaent answer. By routindy
practising these habits, such as metacognition and reflective thinking and the ability to
make connections(Annex 2), students are better equipped to think critically, confront
problems intelligently and make wise decisions They also contend that the habits are the

founddion for building thoughtul learning communities.

Skills refer to the set of critical thinking skills which Richard Paul interestingly defines as
developal throughQhinking about one thinkingQ(or metacognition): CCritical thinking
isthemodeof thinking aboutany subject, content, or problem whereby thethinker
improves the qudity of hisor he thinking by skilfully taking charge of the structures
inherent in thinking and imposng intellectud standardsuponthem. Such thinking about

ond3 thinking involves theability to identify the basic elements of thought(pumpos,



guestion, information, assumption, interpretation, concepts, implications point of view,
See Annex 3) and assess those elements usng universal intellectud criteriaand standads
(clarity, accuracy, precision, relevance, depth, breadth and logicalness) (Paul and Elder,

2002)0

Knowledge is congructed based on afoundaion of prior knowledge A key congruct
guiding thedevel opment of the RVIP is that Gknowledgecondrudionisvaued asamore
important |earning outcome than knowledgeacquisitionO In congruding knowledge the
students mug show athoughtful undestanding of the connectionsand relaionships
between varioussubjects. Oneway students can explore and condrud new knowledgeis

throughscientific inquiry and dedudive reasoning.

Construct, Integrate and Differentiate (CID) Programme

The Condrud, Integrate and Differentiate (CID) Programme seeks to develop ASK in
our students and promotes indgpendent and active learning. It provides our students with
oppotunities to condruct thar own learning by integrating knowledgefrom various

disciplines, uang modes of inquiry appropriate to the projects that they are working on.

Project Work was introduced by the Ministry of Education (MOE) in Singgpore schools
as an effort to inculcate critical thinking skills and develop self-directed inquiry and
indgpendent learning, throughtheexploration of inter-relationsipsand inter-

connectedness of subject-specific knowledge Theimportance of such thinking skills was



seen in thelaunadh of the Orhinking Schools, Learning NationOvisionin 1997in
Singgoore. Thisvision aims to develop creative and critical thinking skills, which are
essential for Singgporeansto thrive in amore global and innovaion-driven future (MOE,

1999and 2004)

The CID Programme ddivers project work through a carousd of five Learning Clugers,
namely Aesthetics and Languaye Arts, Chinese, Humanities, Mathematics, and Science
and Technology. Three modules are offered unde the Science Learning Cluger, based on

themes of Electronics, Scents and Fragrances and Forendc Science.

Why Study Forensic Science?

Forendc science is the study of evidence discovered at a crime scene These evidences
provideimpartial scientific informationfor use in the courts of law and in acrimind
investigationand trial. It isamulti-disciplinary subject involving the applicationsof
science methodsand processes from medicing, toxicology, chemistry, physcs and
biology, psychology and sodal science to law (Encyclopaedia Britannica, n.d.). Thusthe
subject lendsits contents negtly to interdisciplinary project work for students.
Themodule hopes to use forendc science as abody of knowedgewith the content to
engayethelearnearsin appreciating science through the eyes of a crime sceneinvestigaor
and aforengc scientist. By stepping into theroles of these crime-fighting expertsin
interpreting theevidence, students can learn scientific inquiry and process skills, critical

thinking and project work skillsin authentic real life situaions



FORENSIC SCIENCE MODULE

River Valley High School adopt the Teaching for Undestanding (TfU) framework in
curriculum design for al academic subjects, induding CID. Teaching for Undastanding
isan eduaiond pedagogytha usesthefour key ideas asthefounddion for its
framework, namely: generative topics, undestanding gods, performances of

undestanding, and ongong assessment (Blytheet. al, 1998)

Throughlines / Overarching Understanding Goals

Throughines or overarching undestanding gods state the essential conaepts, processes,

and skills which we want students to come to unde'stand over the course or modue. The

undestanding gods for the Forendc Science Module are:

Question : How can students apply scientific inquiry skills to solving problems in real-
life situations?

Statement : Students will recognise the ussfulness and limitationsof the scientific
inquiry and to appreciate its applicability in other disciplines. They will
develop skillstha are relevant to the study and practice of Forensc Science.

Question :What do crime scene investigators and forensic scientists do to solve crimes?

Statement : Students will appreciate theroles of crime sceneinvestigatorsin evidence
collection and of forensc scientistsin the andyses of evidence. Students
will undestand the scientific prindples behind these forensc andytical
skills, by putting into practice these procedures and the documentation of

evidence and result solve acrime.



Generative Topic

Throughines focuson the (big ideasOof a generative topic. A generative topic is an issue,
theme, conaept or idea that provides enoughdepth, significance, connestions and variety
of perspectivesto suppot students development of powerful undestandings It is centra
to oneor more domainsor disciplines, interesting to students and the teacher and offers
oppotunities for multiple connestions Thegenerative topic of this module:

Question : Who has done it?

Statement : Unusud Sugpects

Performances of Understanding

Performances of Undestanding are the activities, tasks or assignments students will

complete in order to learn wha we want them to understand hence achieve thegods

described in the througHines and throughthe exploration of the generative topic. The
performances are generally divided into three sequential sections namely:

. introductory performances (performances which come first inamodue to allow
students to explore the generative topic and for teachers to gaugestudentsQprior
undestanding of thetopic),

*  guided inquiry performances (performances which let students focuson developing
thear undestanding on specific issues of the generdtive topic), and

. culminating performances (more complex performances which give students a
chance to synthesise and demondrate thar undestandingslearnt from previous

performances of undestandings.



Introductory Performances

In an introdudory lesson, students braingorm as a class or in groupsto complete a K-W-
L chart with ther idess of Forensic Science and of the generative topic QVho has done
it?2Q TheK-W-L chat was created by DonnaOgle in the 1980sand standsfor wheét |
KNOW, wha | WANT to knowandwha | LEARNED. This hdpsto check onwha they
know and list this prior knowledge(K). They set thar godsfor learning (W). Upon
watching a doaumentary onforensc science, they reflect or evaluae ther learning (L) at
theend of class. Students generaly expressed tha they are amazed by theintricacies of

crime sceneinvestigaion and the meticulousnature of thework of forensc scientists.

Guided Inquiry Performances

Throughinitial ten weeks of different guded hands-on learning activities, students are
introduced to basic forendc evidence collection and andytical techniques. In each session,
students explore the undepinning scientific knowledgebehind crime sceneinvestigation.
They learn basic forensc techniques from fingeprint duding and lifting, har andfibre
andyses, bloodtypedeaerminaion, foatprint casting and drug andysesto DNA

fingeprinting.

Performances of undestanding require students to demondrate thar undestanding in an
observable way, thusmaking thar thinking visible. In atypica crimind investigation,
crime sceneinvestigaors will gaher physca evidence (such asfingeprints, fabrics,
shogorints and blood stains) from the crime sceneg, victim and sugpect. Forengc scientists

will then examinethese materiasto providescientific evidence to assist in the



investigaion and court proceedingsby presenting evidence in court as impartial expert
witnesses. The approaches by these crime-fighting experts are systematic, logical and
throughobservationsand experimentation. To check onthar undestanding and how they
take ontheroles of these experts as described in the throughines, students are chdlengead
to solve a smple mock-up crimetask at the end of each session, such astheidentification

of the culprit from a sample of lip-prints from five sugects.

In each CID lesson, the paformances of undestanding are designed to develop the
preferred Attitude and therequired critical thinking Skills to hdp students congruct thar
own Knowledge. Students will develop the Attitude, i.e. valuable habits of mind found
among scientists, such as anatural curiosity and an enjoyment of problem solving,
perseverance andthe ability to make connections. These habitswill beroutindy
reinforced throughtheingrucionsin our course. As described above students are given

many oppotunities to practise and demongrate these habits learnt.

With theinqurry naure of Science, the peformances also focuson impartingimportant

cognitive skills from three elements of reasoningin critical thinking:

. Question at issue (Where students ask questionsand answer them throughscientific
investigaions e.g. asking questionsand andysing on a shoeprint evidence
presented in themock crime task),

*  Information (Where students gather information with ther senses and with theuse
of scientific ingruments, e.g. theduding and lifting of latent fingeprints, the use of

light microscopeto scrutinise har and fabric samples), and



*  [Interpretation and Inference (Where students develop thar own logical explanaions
based on observations(evidence) and scientific knowledge e.g. eliminding
sugpects by matching ABO bloodtypes, interpreting patterns of shoeprint

formations etc.).

As described earlier, students use scientific inqury and dedudive reasoning to condruct
thar knowledge. Scientificinquiry denotes the many waysin which scientists sudy the
natural world and propose explanaionsbased on evidence derived fromthdr work. In
19%, the Nationd Research Coundl (NRC) in United States, released the Nationd Science
Education Standads which providesavison for dramatic reformsin indrucion and
assessment, and describes away of sciencelearning tha reflects how scienceitself isdone
Bthrough scientific inquiry. Inqury refersto the activities of students in which they
develop knowedgeand undestanding of scientific ideas, as well as an undestanding of
how scientists study the natural world (NRC, 2000. When students peform the same
activitiestha al scientists do, they observe, classify, compare, measure, predict, interpret
data and draw inferences, or reasonale condusons These are essential science process
skills as outlined by the American Assodation for the Advancement of Science (1989)
Inquiry-based learning not only sugains curiogty and engages our youngminds butit
also hdpsto develop degper undestanding of scientific conaepts rather than shdlow

memorisation of facts and vocabulary (Shields, 2006).

Such characteristics are also ddineated by Joyce VanTassel-Baska (1998)in her

description of theappropriate science curriculum and ingruction for high ability students

10



aswell asfor al studentsin science. Her propo%d ideal science curriculum for talented
science learners will possess the essential el ements with emphases on:

+ learning conaepts,

+ highe-leve thinking,

« inquiry, especially problem-based learning,

« theuse of technology as alearning tool, and

« thelearning of the scientific process, usng experimental design procedures.

This Forendc Science Module offers an inquiry-based and interdisciplinary science
programme developeal to promote this preferred form of science education, with

intellectud rigourfor all science students, induding the high-ability learners

Each CID lessonis carefully designed to allow studentsto actively paticipaein crime
sceneinvestigation, by usang relevant cognitive and science process skills (e.g. making
observationsand predictiong assodated with theformulation of scientific explandions
They can demondrate undestanding tha investigaionsare guided by conaepts and
prindples of forensc science. Students plan ther investigationsand select appropriate
appaatusand materiasin the collection of evidence. They also use thecorrect forensc

techniques to andyse evidences, and explain by draw logical inferences and condusons

Culminating Performances

Equipped with thebasic prindples and skills of forengcs andytical work learnt through

the guided-inquiry performances, students can then embark ona culminaing group

11



project work in thefind five weeks. TheYear 2 project assignments involves Crime
Scene Investigaion task where students are to bus a mock-up crime case by looking for
paternsof evidence with systems of forengc andysis and drawing connectionsbetween

evidence.

Ongoing Assessments

Ongoing assessments form a continud process of providing students with feedback on
thar work, thushdping them improvethar perfformances of undestanding. These
assessments inform both teachers and students aboutwha students undestand and about
how they can proceed with subsequent teaching and learning. The ssimple mock-up crime
tasks which punduate each session are examples of mini ongoing assessments to check

on studentsQundestanding.

Asfor theculminaing peformance, the assessment of project assignment takes the
format of a G-P moddOwhich comprises namely:

. Paper (report on collection and andyses of evidence and storylinefor thecrime),
. Produd (portfolio of evidence),

. Process (assessment on the practice of the habits of themind), and

*  Presentation (oral presentation of crime case and forengc investigaion).

Individud and group performances are graded with specific rubrics.

12



Assessment of Project Tasks

Level Project task Components in 4-P Model
Year 1 | Crime sceneinvestigaion |Paper + produd: CSI report and portfolio
(based on physcal Presentation  : Oral communications
evidence)
Year 2 | Crime sceneinvestigaion |Paper + produd: CSI report and portfolio
(based onphysca aswell |Presentation  : Oral communications
as DNA evidence)
Years All tasks Process : Assessment of ASK aspects
1& 2

FEEDBACK & REVIEW

Students

The quottionsbd ow were taken from studentsOpost-module feedback survey. Generally,
they felt tha they had an eye-opening experience learning aboutforensc science and
enjoyed crime solving. They saw theinter-connectionsand thetranger of knowledge

between the different disciplines, namely physcs, chemistry, biology and the law.

Jrorensc Science isinteresting, as it is different from thenomal science | have been
learning. C.S.l isfun! | gotto use lots of (forengc) skillsto investigate and andyse
evidence to identify the crimind. Learning about(ABO) bloodtypes hdp meto
undestand blood dondion better. | learn to use interesting equipments like the UV lamp
for fingerprint spotting at the (field trip to theforensic unit of) police station OPAng Jia

Lun (2007, 2L)
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O learnt that forengc scientists are very meticulousin what they are doing. They are
observant while looking for clues and evidence, like fingeprints, har samples, and
conduding andyses. | hopeto be more meticulousin my work as well.OPChia Pei Woon

(2007,21)

Mifferent (forensc) techniques are used to andyse and solve different (crime) cases.
Making (detailed) observationsallow meto train my thoughtprocess. | aso learnt to
draw inferences and make connectionsbetween evidence and wha happened (in a crime).

| can make use of such (process) skillsin real life.OPChngKah Hoe (2006,2H)

Q learnt many thingswhich cannotbelearnt during any nomal lessonsin school, like
making a shoeprint out of mud, fingeprint lifting and duging from table-topsand
beakers. And boysalso had to put on lipgick (to make lip-prints), it was funny!OB Judith

Tan (2005 1G).

Mog memorable pat isthehandson activities. Especially when | am usngthe
PDArtist programme to make the face of the crimind who committed the crime. It was
fun!| aso learnt to use fingeprint duging to trace the culprit. Lessonsshould belonge

and | want to watch more C.S.1.!OPSeah Wei Kai (2005, 1E).

Teachers

At areview session of the Forensc Science Module at theend of CID, science teachers

unanimoudy foundthelessonsto beindesd engaging. Thisis especially truefor the
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mock-up crime case, whee students were observed to be absnlutely focussed in combing
for evidence and carefully making andyses of thar findings In some cases, we had new
forms of evidences which were not explicitly discussed in our lessons e.g. handwriting
and DNA profile andyses. Y et, students did thar own research and came up with novd

interpretationsto theevidence found

Into itsfourth year of implementation, theteachers have since worked onimprovements
to themodule to cater to theneedsof our students. Initialy, in 2005and 2006 the
culminating performance for the Y ear 1 cohoit was aforensc science boad game, which
proved to betoo easy for our students. Uponreview, theteachers decided to offer crime
science investigation as thefind assessment task. Thetasksfor Year 2 are of ahighe
level difficulty, invdving basic DNA andyses, and notjud physcal evidence asin tha

of Year 1.

With many roundsof trials, we have also improvised on our teaching resources. For
ingance, collecting footprint cast onmud is messy and not possible in hotter months We
explored the use of pre-madefootprint clay moulds ingead of usang actud ones on mud.
To make crime cases more redlistic, we aso purchased mannequinswith moveable joints
to smulate victims in murder cases. Being teachers, we cannotclaim to be experts of
forengc science. To provide students with the authentic and first-hand experience, we
arranged for a special learning joumey to the Forensc Science Unit of the Singgpore
Police Force. . Besides an exclusve introdudion to sophisticated ingruments and

professiond andytical techniques, students aso get to hear of actud accounts of police
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crime sceneinvestigaors, who shared thar wealth of knowledgeand experience on

budging of crimes from household break-insto mandaughter crimes.

The success of the Forensc Science Module was aso shared with fellow teachers at
variousplatforms, the Redesigning Pedagogy: Culture, Knowedgeand Undestanding
ConferenceQ organised by the Nationd Ingitute of Education (NIE) in May 2007,as
well asthe RV Learning Symposumin Octobe 2007. Feedback from teacher
participants was postive and mog gave credits to our innovdive effortsin infusng

critical thinking and scientific inquiry to theinterdisciplinary project work in science.

Thechdlenges ahead indudeintroduang more rigour and further differentiating the
performances, particularly the culminaing peformances, according to thedifficulty of
thetasks and the gradelevel. We are also looking into the actud development of
activities and planning of more realistic and chdlenging crime scenesin collaboration
with specialists of thefield, e.g. fromthe Centre of Forensc Science of the Health

Science Authority.

CONCLUSION

Our CID programme hopes to offer project work as an enriching and engaging learning
experience which aimsto provide students with the oppotunity to synthesise knowiedge
from different areas of learning, and critically and creatively apply it to real life Situdions

This process not only enhances students knowledge but also enables them to acquire
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skills like collaboration, communication and independent learning, which in thelongrun
prepares them for lifelonglearning and the chalenges ahead as envisaged in the MOEG
Thinking schools, Learning NationOvision (MOE, 2004) The coursework of Forensc
Science Module also suppotts RV @& directionsfor our Integrated Programme in the
nurturance of ASK in students via a process-centred curriculum, designed usngthe

Teaching for Undestanding framework.

Having a science curriculum tha promotes high quality learningisidedl for all learners.
Students learn best when they are interested in thetopic being presented. Forensc science,
which isthe application of science methodsand processes to thelaw, presents an exciting
bodyof knowmedgefor students, as they take onthe role of detectives and forensc
scientists in buging modk-up crime situaions Learning activities based on scientific
inquiry have highimpact on students and these may well bethefirst stepsin nurturing
our students, especially our high ability learners to become future Marie Curies, James

Watsonsand Albert Eingeins

17



ANNEX 1

Construct, Integrate and Differentiate (CID) Programme

The Integated Programme offered by River Valley High

School seeksto develop eachchild holistically and equip

him with the requisite Attitude, Skills and Knowledge

(ASK). ASK isanchoredand deliveredthrough a broad-

basdand rigorous, process-certred curriculum that

emphagsesboth contert and process. In short, ASK

stands for:

e Attitude (Hahts of the Mind)

« Skills (gereric thinking skills ard critical thinking
skills)

*  Knowledge (themesof knowledge and modesof
inquiry)

The Construct, Integrate ard Differertiate (CID) Programmehopesto deliver ASK by promating
independent and active learning, via a carausel of five subjectbased Learning Clusters The
Learning Clustersprovide opportunitiesfor studerts to explore the similaritiesand diff erercesin
the construction of knowledge within and beyond the various disciplines By working on differert
projects, students construct their own leaning by integrating knowledge and using modesof
inquiry appropriate to the subject or project

CID also servesto impart critical thinking and project work skills to studerts and to guide
studentsin constructing new knowledge using the skills and contert learnt. Prgect work provides
themwith analternative mode of assessmert that supports inquiry-basedlearring, data amalysis,
interpretation and inference, and the honing of presertation skills.

ANNEX 2
Attitude: Habits of the Mind

River Valley High School seeksto develop good hahits of mindsin our studerts by encouragng
themto move progressively from being a novice thinker to a practising thinker and thento being
anadvarcedthinker. Having a Olatit of mindOmears a peron is disposedto behaving
intelligertly when confronted with problems whenthe arswersare not immedately known.
According to Arthur Costa, this is the critical attribute of intelligert humanbeings.

The twelve Hahits of the Mind which our school adopts are:

1. Pasionfor lifelong learring 7. Meta-cognition and reflectve thinking

2. A strong personal belief 8. Creativity ard ingeruity

3. Natural curiosity and anenjoymert of 9. A willingnessto emlrace new challenges
problemsolving 10. Empathy

4. Intellectual rigour 11. Pergverarce

5. Opemessand diverdty 12. Ability to marage impulsiveress

6. Ability to make connectons
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ANNEX 3
Skills: Critical Thinking

Through learning with underganding, River Valley High School also wishesto impart studerts
with criticd thinking skills. Critical thinking is the mode of thinking about any subject, contert,
or problemwherehby the thinker improvesthe quality of his or her thinking by skilfully taking
charge of the structuresinherert in thinking and imposing intellectual stardards upon them.
Critical thinking is self-directed, self-disciplined, self-monitoring, ard self-correcivein nature.

Critical thinking discussesthe elemert of thought that critical thinkershave. The model usedis
adaptedfrom Foundation for Critical Thinking (Pad and Elder, 2005). Accarding to Richard Pad,
such thinking about oneOshinking involvesthe akility to idertify the basc elements of thought
(purpose, quedion, information, assumption, interpretation, concefs, implicatons, point of view)
and assess those elements using universal intellecual criteriaand standards (clarity, accuacy,
precision, relevarce, depth, breadh and logicalness).

Dr Richard Paul’s Elements of Thought

Points of View

frame of Purposes of
reference, the Thinking
perspective, goal,

orientation objective

Question at
Issue
problem, issue

Implications and
Consequences

Elements
of
Thought

Information
data, facts,
observations,
experiences

Assumption
presupposition,
taking for
granted

Concepts
theories,
definitions, | Interpretation
axioms, |and Inference

laws, conclusions,
principles, solutions
models
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