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TECHNOLOGY

2.A	  	  A	  idenMficaMon	  of	  the	  criteria	  and	  constraints	  of	  a	  product	  or	  
system.

8.H	  	  Begin	  the	  design	  process	  …

9.K	  	  Create	  a	  prototype	  	  to	  test	  a	  design	  concept.

11.O	  	  Refine	  the	  design.

11.P	  	  Evaluate	  the	  design	  soluMon.

11.R	  	  Communicate	  observaMons.

12.O	  Operate	  the	  system	  to	  validate	  the	  design.

ENGINEERING

ET	  1	  	  (Designed	  World)	  Study	  of	  designed	  systems,	  processes,	  mate-‐
rials,	  and	  products.

ET1.A	  	  (Products,	  Processes,	  Systems)

ET1.B	  (Nature	  of	  Technology)

ET1.C	  	  	  (Using	  Tools	  and	  Materials)

ET	  2	  	  	  (Engineering	  Design)	  CreaMve	  and	  iteraMve	  process	  for	  idenMfy-‐
ing	  and	  solving	  problems	  under	  constraints.

ET2.A	  	  (Defining	  and	  Researching	  Technical	  Problems)

ET2.B	  	  (GeneraHng	  and	  EvaluaHng	  SoluHons)

ET2.C	  	  	  (OpHmizing	  and	  making	  Tradeoffs)

ET3	  	  (Technological	  Systems)	  EffecMvely	  using	  technology	  systems.

ET3.A	  	  	  	  (IdenHfying	  and	  Modeling	  Technological	  systems)

ET3.C	  	  (Control	  and	  Feedback)

ET4	  	  (InteracHons	  of	  technology	  &	  Society)	  Decisions	  are	  affected	  
by	  technology.

ET4.A	  	  	  (InteracHons	  of	  Technology	  &	  Society)

ET4.B	  	  	  (InteracHons	  of	  Technology	  and	  Environment)

ET4.C	  	  	  (Analyzing	  issues	  involving	  Technology	  &	  Society)
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MATH

1.0	  	  	  Understand:	  numbers,	  ways	  of	  represenMng	  numbers,	  relaMon-‐
ships	  among	  numbers,	  and	  number	  systems.

2.0	  	  	  Algebra:	  Understand	  numbers,	  ways	  of	  represenMng	  numbers,	  
relaMonships	  among	  numbers,	  and	  number	  systems.

3.0	  	  Geometry:	  	  Analyze	  characterisMcs	  and	  properMes	  of	  two-‐	  and	  
three-‐dimensional	  geometric	  shapes	  and	  develop	  mathemaMcal	  ar-‐
guments	  about	  geometric	  relaMonships.

4.0	  	  Measurement:	  	  Understand	  measurable	  a[ributes	  of	  objects	  
and	  the	  units,	  systems,	  and	  processes	  of	  measurement.

5.0	  	  Data	  Analysis	  &	  Probability:	  	  	  Formulate	  quesMons	  that	  can	  be	  
addressed	  with	  data	  and	  collect,	  organize,	  and	  display	  relevant	  data	  
to	  answer	  them.

6.0	  	  Problem	  Solving:	  	  Build	  new	  mathemaMcal	  knowledge	  through	  
problem	  solving.

7.0	  	  Recognize:	  	  reasoning	  and	  proof	  as	  fundamental	  aspects	  of	  
mathemaMcs.

8.0	  	  Organize	  and	  consolidate:	  	  their	  mathemaMcal	  thinking	  through	  
communicaMon.

9.0	  	  ConnecHons:	  Understand	  how	  mathemaMcal	  ideas	  interconnect	  
and	  build	  on	  one	  another	  to	  produce	  a	  coherent	  whole.

10.0	  	  Create	  and	  use	  representaHons	  to:	  organize,	  record,	  and	  com-‐
municate	  mathemaMcal	  ideas.
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EXPERIMENTAL	  DESIGN	  CONSIDERATIONS

To	  help	  students	  effecMvely	  integrate	  the	  informaMon	  they	  will	  be	  
expected	  to	  apply	  in	  these	  invesMgaMons,	  they	  need	  to	  understand	  
and	  discuss	  the	  following	  concepts	  before	  starMng	  these	  lab	  acMvi-‐
Mes.	  (See	  the	  Glossary	  files	  and	  power	  point:	  Ink	  Chromatography	  
&	  Forensics.)

✓	  	  What	  is	  a	  mixture?
✓	  	  What	  is	  a	  chromatograph?
✓	  	  How	  chromatographs	  are	  used	  by	  scienMsts
✓ 	  Chromatographic	  principles:	  capillary	  acMon,	  solubility,	  
	  	  	  	  	  affinity,	  adsorpMon,	  polar	  and	  non-‐polar	  substances
✓	  	  Types	  of	  chromatography	  methods	  /	  techniques
✓	  	  RetenMon	  factor	  (Rf)	  value
✓	  	  What	  is	  precision?
✓	  	  What	  is	  accuracy?
✓	  	  Inks	  and	  their	  composiMon;	  ink	  daMng,	  and	  ink	  tags

THE	  MODEL	  EXPERIMENT

A	   ‘model	  experiment’	  provides	  structured	  guidance	   in	  a	   labo-‐
ratory	   technique	   or	   protocol.	   In	   this	   structured	   (AcMvity	   1)	  
your	  students	  will	  learn	  how	  to	  examine	  ink	  lines	  and	  compare	  
them	   to	   known	   standards	   to	   idenMfy	   an	   wriMng	   instrument,	  
conduct	  a	  paper	  chromatographic	  invesMgaMon	  of	  various	  com-‐
mon	  wriMng	  inks,	  and	  to	  use	  a	  created	  ink	  database	  in	  idenMfy-‐
ing	  them.

INDEPENDENT	  INQUIRY	  PATHS

Aoer	   compleMng	   a	  model	   experiment	   invesMgaMon,	   students	  
will	  gain	  experience	   in	  characterizing	  addiMonal	  supplied	   inks	  
(and	  in	  evaluaMng	  unknowns)	  –	  at	  your	  discreMon.

ACTIVITY	  3	  	  	  Case	  of	  the	  Crossed	  Four	  (forensic	  invesMgaMon)
	  	  	  	  	   	   	  	  	  (INTERMEDIATE	  /	  ADVANCED)

A	  porMon	  of	  a	  paper	  check	  has	  been	  sent	  to	  student	  groups	  for	  
forensic	  analysis.	  Their	  tasks	  are:

-‐	   	  Determine	  if	  the	  dollar	  amount	  of	  $4000.00	  is	  authenMc	  –	  
wri[en	  in	  the	  same	  ink	  or	  has	  the	  ink	  line	  been	  altered.
-‐	   	  To	  complete	  and	  submit	  a	  forensic	  chemistry	  laboratory	  re-‐
port	  to:	  Chief	  of	  Police,	  Skagway,	  Alaska.

INDEPENDENT	  InvesHgaHon	  	  (45	  minutes)

✓	  	  Databases	  and	  their	  use	  in	  forensic	  science
✓ 	  What	  a	  standard	  is,	  and	  how	  it	  is	  useful	  in	  idenMfying	  an
	  	  	  	  	  	  unknown
✓ 	  How	  light	  energy	  (UV	  light)	  can	  aid	  in	  idenMfying	  ink	  
	  	  	  	  	  	  consMtuents
✓ 	  How	  forensic	  document	  examiners	  work	  to	  idenMfy	  wriMng	  
	  	  	  	  	  	  instruments,	  ink	  lines,	  and	  inks

In	  an	  open	   inquiry	  seWng,	  student	  teams	  will	   funcMon	  as	  “in-‐
dependent	   forensic	   laboratories”	   (AcMviMes	   2	   and	   3)	   whose	  
task	  is	  to	  idenMfy	  the	  type	  of	  wriMng	  instrument	  used	  to	  create	  
the	  submi[ed	  document	  and	  the	  type	  of	  ink	  (and	  its	  manufac-‐
turer)	  used	  to	  create	  it	  as	  well	  as	  to	  submit	  wri[en	  reports	  to	  
various	  police	  agencies.
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:431"M^4$3"OG3'.$d3NN$&1N-$.(G'$2+GH1"+2$H1L1N(-$2#3NN2$ 3"$4())GU
"34*M("=$+1*)d('#=$4'3M4*N$+&3"#3",=$*"H$4())3+)1"+$+($N3V1N(",$
N1*'"3",I$7&32$3"L12M,*M("$4*"$&1N-$V(2+1'$+&121$2#3NN2I

B1$2G'1$ +($ '1)3"H$.(G'$2+GH1"+2$ +&*+$ V('1"234$*"*N.232$ 32$ 3H1"M4*N$
+($2431"M^4$ 3"OG3'.$i$ +&32$-'(4122$d3NN$&1N-$.(G'$2+GH1"+2$H1L1N(-$
2#3NN2$ 3"$ 4())G"34*M("=$ +1*)d('#=$ 4'3M4*N$ +&3"#3",=$ *"H$ 4())3+U
)1"+$+($N3V1N(",$N1*'"3",I$7&32$V('1"234$3"L12M,*M("$4*"$&1N-$V(2+1'$
+&121$2#3NN2I

>N2($'1)3"H$2+GH1"+2$+&*+$*"$3)-('+*"+$-*'+$(V$Q14()3",$*$V('1"U
234$2431"M2+$32$+($N1*'"$+($#11-$4N1*'=$4("4321=$*"H$*44G'*+1$N*Q('*U
+('.$"(+12I$

>+$ +&1$ 4("4NG23("$ (V$ +&1$ 3"H1-1"H1"+$ 3"L12M,*M("2=$ .(G$ )*.$
4&((21$ +($ 4("HG4+$)(4#$ +'3*N2$ 3"$d&34&$ 21N14+1H$ 2+GH1"+$,'(G-2$
*4+$ *2$ y1T-1'+$ d3+"12212c$ +($ -'121"+$ 2431"M^4$ 1L3H1"41$ d&3N1$
(+&1'$2+GH1"+2$*4+$*2$-'(214G+('2=$H1V1"H*"+2=$*"H$rG'('2I

3++J$-0'7'5!/N*!#N*&'-N#+/NN3

:431"M^4$3"OG3'.$d3NN$&1N-$.(G'$2+GH1"+2$H1L1N(-$2#3NN2$ 3"$4())GU
"34*M("=$+1*)d('#=$4'3M4*N$+&3"#3",=$*"H$4())3+)1"+$+($N3V1N(",$
N1*'"3",I$7&32$3"L12M,*M("$4*"$&1N-$V(2+1'$+&121$2#3NN2I

@1)3"H$2+GH1"+2$+&*+$*"$3)-('+*"+$-*'+$(V$Q14()3",$*$2431"M2+$32$
+($N1*'"$+($#11-$4N1*'=$4("4321=$*"H$*44G'*+1$N*Q('*+('.$"(+12I$>+$
+&1$4("4NG23("$(V$+&1$3"H1-1"H1"+$3"L12M,*M("2=$.(G$)3,&+$d*"+$
+($&*L1$2+GH1"+2$4'1*+1$)3"3U-(2+1'2$+&*+$2&(d4*21$+&1$'12GN+2$(V$
+&13'$ $ 3"L12M,*M("2I$ >"$ (',*"3e1H$ N*Q$ "(+1Q((#$ 2&(GNH$ H1)("U
2+'*+1$ ('3,3"*N3+.$ *"H$ '1z14M("$d&3N1$ 21'L3",$ *2$ *$ '14('H$ (V$ 2+GU
H1"+$d('#I

>$<*Q('*+('.$6(+1Q((#$2&(GNH$4("+*3"k
h$E('#$,'(G-$)1)Q1'2
h$;'3)*'.$OG12M("$_2+*+1H$-'(QN1)a$V('$3"L12M,*M("
h$B*4#,'(G"H$(Q21'L*M("2$*"H$4("+1T+G*N$3"V(')*M("
h$?.-(+&1232$*"H$'*M("*N1$V('$+&1$3"L12M,*M("
h 6(+12$("$;'(41HG'1$S$8T-1'3)1"+*N$9123,"$|$2+'*+1,312$V('$+12M",$
$$$&.-(+&1232=$G23",$*--'(-'3*+1$4("+'(N2$*"H$L*'3*QN12
h$R*+1'3*N2$'1OG3'1H
h$:*V1+.$322G12$_('$2-143^4$4*GM("2a
h ;'(41HG'1$3"$2Gw431"+$H1+*3N$2($+&*+$*"(+&1'$2+GH1"+$,'(G-$4(GNH$'1-N34*+1
$$$+1*)$'12GN+2
h @12GN+2=$3"4NGH3",$,'*-&2=$+*QN12=$H'*d3",2$('$H3*,'*)2=$2+*M2M4*N$*"*N.232=
$$$*"H$*$'14('H$(V$H3,3+*N$^N1_2a$N(4*M("
h %("4NG23("$*"H$H324G223("$|$E*2$+&1$&.-(+&1232$2G--('+1Hj$E&*+$
$$$*HH3M("*N$OG12M("2$'1)*3"$V('$VG'+&1'$3"L12M,*M("j
h$%3+*M("2$V('$2(G'412$V(G"H$+&'(G,&$N3Q'*'.$('$d1Q$'121*'4&

#+!"S+*'-N#+ !
!RR'#+d#'VFA:G6:'#CM6K:<>6:W',;?8HA?'<?'.#YR+-#'!"#$%$#&'JR,B
:+GH1"+2$4*"$4N34#$("$+&1$34("$_*''(da$+($*HH$+1T+$U$4'1*M",$*"$
1)*3N*QN1$'1-('+$+&*+$4*"$Q1$21"+$Q*4#$+($.(G{
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