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Background Research Question

» Acid-base titrations is a component of introductory chemistry COd | ng -Most students struggled with translating between text
EUFFICl_JlaF (?lr_\gra:ﬂdot_?t ?_'-, 201‘02t) I What is the nature of college general . Grading rubric was developed for written responses and the symbolic language
 EXxperiments involve titration of strong acids with strong bases, . .
tra(F:)ked with pH changes and/or indi(?ators (Sheppard 92006) ChemIStry students’ conceptual « Correct response received a score of 1, incorrect response got score of 0 -Students appropriately used relevant vocabulary
. . - . : - Specific aspects for each question were also evaluated, such as inclusion | |Words Frequently Used by groups include:
in‘j[(r);t?;r:::ometry can also be used to track progress of acid-base understandmg and |anguage fluency in the of state symbols in question ‘a’ + Equilibrium
. . . . . id- - ‘ANn? : .
« Student struggles with acid-base chemistry at this level attributed context of acid-base neutralization* AnaIyS|S Electrolytes
ontex « Grounded theory (Cohen, Manion and Morrison, was used to ) _
to Grounded theory (Cohen, Manion and Morrison, 2011) dt Amps
(a) Student misconceptions (Demircioglu, 2005) | analyze data * lonize
(b) Poor understanding of PNM (Nakhleh, 1994) « Data came from a general Chem|Stry (”) class of 120 students - Categories emerged from data e Supersaturated
(C) Academic language of chemistry (Schmidt, 1995) « Students covered acids and bases in General chemistry (1) - Student written responses and conversations in groups were analyzed * Dissolve
Some of the student struggles include the inability to explain pH, - Students carried out acid-base titrations with an indicator as part of . :t:dlempzer both ConceptttJ_aI ur}derstan_c]ic_m? and Ianguagde fluehncy . Neutrall%atlon | |
neutralization, and strength among others (Shepard, 2006) eneral chemistry (1) labs nalyzed group conversatons 1or speciiic language used such as Students’ conversations reflected struggles with both
« Other student problems in understanding acids and bases involve 9 Sty _ . _ _ vocabulary and symbols. appropriate relevant language. For example, students
. . . . . .
use of representations, language and terminology, and heuristics | |* The data provided required application of acid-base ideas to + Determined appropriate and inappropriate language used by groups ked ber of tions in thei .
in their reasoning (Cooper, Corley, & Underwood. 2013) conductiometry » Inferred conceptual understanding from language used asked a number o questions In their groups:
’ ’ ’ « What makes a strong or weak acid?
RGSU":S « What does excess mean?
_ « What does this reaction yield?
. VALUE] Question A . Corroct 8 Incorrect 100% Question B = Correct ® Incorrect oo SUEsIer C[VALUE] * How do you know that these solutions are aqueous?
00% [VALUE] [VALUE] o = Correct Blncorrect - How can you tell if it is a strong or weak acid?
o [VALUE] . ° + |s there a color change?
o o Students’ reasoning/thought Processes indicate both
0 70% .
o [VALUE] T0% [VALUE] [VALUE] language fluency and conceptual understanding
60% 60% 60% struggles:
o 50% 50% « “ Salt water is not as conductive as regular water which makes
10 [VALUE] 40% 2o the solution more conductive.”
9 : [VALUE] [VALUE]
30% 30% 200, - - -
[vALua Discussion and Conclusion
0% b - - U [VALUE] Discussion
Correct formulas for all Correct PhyS|CaI States Correct Balancing of 0% 0o, « Most Groups were successful in going from written text to writing the
products and reactants Equation Draw appropriate representation of ions Correct drawing of ions Complete lonic Equation Cancel out Spectator lons Net lonic Equation correct chemical equation
During a lab activity on acids and bases, students were reacting sodium hydroxide and b ndhespce beow,asureyou vere able o el seces kin prt e rescton b Inthespac below, assume youwereabl f seall specesking part i the ention o Wrle o metionie | « Most groups struggled to provide particulate representations of the
' ' : - Vet a1 ) he fons), draw what you think vou would be able to see ton) Ao - quatwn for the prahzatmnreactmn it & b danta aanattan fou thy o antuainatt " Figure 3.2 i
hydrochloric acid. Students were instructed to add the base to the acid, till the base was in (t on)Ld il IY;L‘” y s¢c (the ions), draw what you think you would be able to see l ~l'r ) ﬂ“ - (l .+ l 1_ H O G Wntu,lt:llnc{l tonio ¢quation for the neutealization reaction reaction
excess. @ hitt | R » | ITC | 4 “ e f + \ MC8) 80 e « Some groups provided macroscopic view of an actual acid base
a. Write a balanced equation for this acid-base reaction /"[ i “) Nobogr o) e ‘ | ' | R } L )/ |4 e iflC] o [0l it} & ;‘r}n{“ '?, reaCtlon. that one can see with the naked eye and drew the titration
l /V O H /v H d ’ /\\ | / | f, : ‘(/ " | J‘ [”( | ‘EJ [‘lf‘ﬂ‘\‘f. Ot | }pL) Figure 3.1 A Cunnnoa van wava tnalring tha alaatinal nnadiabionbe af tha unnabinn wsisbius il l happenlng'
H C + /Vo —7 GC [Ln + VA ( L ) Figure 1.1 gy (L oy i | | R . « Many groups confused the Complete lonic Equation with the Net lonic
o (Q?) ) ¢, Wiite a net ionic equation for the neutralization teaction Figure 2.1 N .. Figure22 Flgure 31 Shows a response F|gure 32 ShOWS d I’eSpOnse Equation
_ _ _ | | | that started with the complete with an incorrect net ionic * Most of the groups showed consistency between prediction and graph
Flgure 1.1 shows a response with everythlng correct; the F|gure 2.1 shows a common F|gure 2.2 shows a response e equation el T e (e equation. A common response  For g.rolups the_at got the correct prediction, they struggled with
group has all of the correct formulas for the products and answer among where groups that was mostly correct, onic equation Lo ceeli sl @seree fere explaining their drawings
reactants, the group knows that sodium chloride and water interpreted the question to be missing few details. This . 1A - - In conclusion
- - - : ' yielding sodium chloride. s Students struggled to transfer knowledge of acids and bases to the
are the products in the reaction. The group also included all asking what actually group drew out and labeled . | context of conductiomet
of the physical states ( aqueous and liquid)for the products happened at the macroscopic  th t i ith th ¢ Wit cqulon o i "e® Figure 3.3 shows a response : ons ro i
_ | PP P € correct 1ons wi e ¢ that t  th < Student conversations reveled struggles with both conceptual
and finally the group balanced the equation level, specifically what they correct charges for reactants Ly VI W (g fel e gro_up. a Wr(_) € outine understanding and use of appropriate ‘academic language
correctly. do in the lab. only. Nﬂtmry 0" l,gm;’- j \\K(.\ng; .,,&m"},fi \'\/,019) complete ionic equation and
| | stopped there. Many groups had . .
this answer. |mpllcat|0ns
|
Does conductivity increase or decrease Is Graph Consistent With Prediction Correctly Labeled Axis " Vol GTNAGH adien predict o i would shane. 0 + Students need opportunities to apply or transfer knowledge to
e. Sketcha gra;;i;; ilﬁqﬂﬁa&(ﬁg )(w'OLlI‘ r\n}:;?c::)n l)’l d\[abl\(.rci ‘c}:ally labelling the axes, and Other ConteXtS
indicating the end point .oy jcol rfomduciivilyy over AL « Alternative forms of assessment, such as evaluating student talk
et | give us a window into student understanding
comduchwi by e né powrt  Active learning strategies that engage students in talking help
' students develop language fluency
Figure 4,1 ﬁ A W‘(‘“( = |
Figure 4.1 shows a group that has an incorrect graph but is References
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Figure 4.2 shows a graph which is consistent with the * Any opinions, findings, and conclusions or recommendations expressed in this
predlctlon’ haS the Correctly |abe|ed axes, and a Correct mat_erial are. those of the _authOI‘(S) and do not necessal‘ily reflect the views of the
_ | _ | | prediction. The graph is has an endpoint indicated, but the National Science Foundation
B |ncrease M Decrease " lIrrelavant Consistent ™ Inconsistent ® Correct ®Incorrect ™ Partially graph is not correct because it does not increase once the NDSU E :w
reaction is neutralized.




