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Research indicates that students in (Kilpatrick, Swafford, & Findell, 2001, p. 164)

elementary and middle school often
have difficulty understanding
statistics and probability. In
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particular, students generally
struggle with the language of
probability, both simple and
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The interview script for both the pre- and post-assessments was used to conduct
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compou.nd evgnts, a”fj rTmakmg Particinants g g 30-minute clinical interviews with students. All questions were aligned with our
connections/differentiations Strategic Competence e The ability to analyze and solve mathematical problems - tpd t ' , | o fomal - £t orad targeted Common Core State Standards and sequenced according to the learning

' our students, two male and two female, moving from rade : : : :
between experimental and et Th t’ ot o tad ‘ hg 5 . progression. We asked students to explain their answers and to think aloud as they
i ili : in : n rtici in seven on r ions an :
theoretical probability (Watson, , o ) 1€ S U( € Stp?j Ctpa'e ) S€ ef’?h € OUhSESS ons a ) answered the questions.
2005) wo interviews (one student missed one of the one hour sessions) .
' i i o Abili ' ' iusti . - : SAMPLE INTERVIEW QUESTIONS
Purpose: Adaptive Reasoning Ability to logically explain and justify thought Each student has been assigned a fictitious name and will be T Sampleauestion30.
: : referred to with the pseudonyms: Thomas, Nathan, Natalia, and Match ‘Em Up (Romberg et al.,
The purpose of this study is to ) e P y , , ) 2003, o. 13) S
I I - . . - . . d erine. Il % Sure to
examine how students think about e The habitual inclination to see mathematics as sensible, ban is doing an experiment. Heis el "
and approach probablllty and USEfU', and worthwhile The two fair spinners snown above are part of a carnival || ho|ding pieces of paper of equal size, '
- : . game. A player wins a prize only when both arrows land || ,;mbered 1-20. He is going to pick a
statistics prescrlbed in the 7th - on black after each has been spun once. number from the bag. Here are
Grade Common Core State . . PATHWAYS Instructional Cyde _ o some of the possible outcomes for
Standards We used the Common Core Learning Progressions | James thinks he has a 50-50 chance of winning. Doyou || the humber he will pick:
) . . agree? a. It will be even.
Resea rCh Question: MOdE' (Malon.ey; Confrey, Ng; & NICkE”, 2014) to aid Analyze student (Zawojewski & Shaughnessy, 2000, p. 263) b. It will be divisible by five.
y tudents’ math tical us in the creation and execution of each of our 7SP8 b Jssessment data P c. It willbe a1 ora 2.
OW Can students matnematica . . . Dy Choose words from the word bank to describe how d. The digits in the number
. lessons. The learning trajectory model is shown on SN .
roficiencv be developed for the . . . P P likely each event is. Explain your thinking for each item. will add up to 12.
P y P :
. . the right. Standards most heavily emphasized are spaces for compound | | e. It will be smaller than 16. happn
language of probability, theoretical indicated in dark purple events using lists, Word Bank 1. You will have a test in math *Put the five statements on a ladder
. .- . tables, and tree “ ) Certain Possible sometime this year. like the one to the right and explain
and experimental probability, and Some ol | 1.t will rain in your town why You out them where vou o
simple and Compound events? Understand the Likely Impossible |5 metime in the next month. e v s
oMo . . ample Question
co?ggt;i:lgtzvzfni is Unlikely Rare ’?H;(%un\'l:cl(!:jrggizziir:reetslr:(znc: Orfng What is the probability of rolling a sum of 7 with two fair
O | | uri . . - . . .
References: : _ dice? What is the probability of rolling a 2 with two fair
Comron s Sntrts Wt e 2011, gt for s coronCor ] IEIRTE Rl e[ coman |3 you vl rll 2 7" on 2 ormal |17 EXPIain how you know
from T ' Bridging Standard -
http://commoncoretools.files.wordpress.com/2011/12/ccss_progression_sp_68_201 . i Sample Space. number cube
1_{)2 26_bis.pdf i i ° :?Ifslt?;lbedthi gi;glaobﬁl?c;?r:];odrg (Rombergetal., 5.Inaroom of 367 people, two
ﬁl,pr?,t;if;t';é;\ziifcfgr\(j\'/:snh?nl:gi?:ril||'3(P:’; (NEacItslo)n(;()ggd,:zci/r;i:;:p Helping students elvirl]tszsir?g 7 SP.5 and apply to events. 7 SP6 2003, p. 11) people will have the same birthday.
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interpreting the K-8 Common Core State Standards with a middle-grades statistics probability of a timat babilit elect tasks to move . . .
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Initial Assessment Results (Week 1) Qualitative Terms (Week 2, 3) Theoretical and Experimental Probabilities Compound Events (week 7 & 8) Post Assessment Results (Week 9)

During the initial interview the students were asked a variety of statistical and These lessons focused on having (Week 4, 5) These lessons focused on having During the post assessment interview the students were asked the same statistical
analysis questions. Each of the four students generally seemed to struggle students describe probabilities using These lessons focused on having students | | students analyze compound events guestions that they answered during the pre assessment.

with the language of probability, theoretical vs. experimental probability, as qualitative terms. In the initial lessons, | identify and describe differences between| |and create probabilities for the events. | | Language of Probability

well as how to determine the probability of a compound event. students were asked to describe various | | theoretical and experimental probability. | | |n both lessons students were The students were asked to pick the best qualitative term (e.g. certain, likely,
Language of Probability events using terms such as certain, During week 5’s lesson students prompted to use probability models to | | impossible, etc.) from a word bank to describe a given scenario. When the students
The students were asked to pick the best qualitative term (e.g. certain, likely, likely, unlikely, and impossible. As a discussed a TinkerPlots file showing that assist them in determining theoretical | | were now asked to determine the probability for the question “it will rain in your
impossible, etc.) from a word bank to describe a given scenario. For example, result of our classroom discourse, experimental probability is more likely to probability.  penny Nickel Results town sometime in the next month”, three of the four students were now able to
when the students were asked to determine the probability of the event “it students were able to create a mirror the theoretical probability after Heads  HH reason that this event is likely to happen. In addition, when students were asked to
will rain in your town sometime in the next month” the students’ answers probability ladder on which they more trails have been completed. Heads< Tails HT determine the probability of the event “you will roll a ‘7’ on a normal number cube”
varied from certain, to likely, to rare. However, when students were asked to correctly sequenced qualitative = e o each of the students could still accurately determine that the probability for this
determine the probability of the event “you will roll a ‘7’ on a normal number | | probability terms and corresponding - The Tinkerplots simulation Taite < cads  TH event is impossible.

cube” each of the students could determine that the probability for this event | | quantitative probabilities for a simple Kl S results of rolling a single Tails ¥l Theoretical vs. Experimental Probability

is impossible. experiment with a spinner, as shown L. Lt L After completing these lessons Four out of four students could now accurately determine that when a coin is tossed
Theoretical vs. Experimental Probability below. What is the probability of e — students were able to complete both 100 times that it is not guaranteed that the results will be exactly 50 heads and 50
Three of the four students could accurately determine that when a coin is landing on green? tree diagrams and tables for multiple tails. Additionally, when the students were again asked to determine how the results

compound events. However most

of a coin flip experiment would change with more trials, all of the students’
students still struggled to accurately

responses were similar to their initial responses with little evidence showing their

tossed 100 times it is not guaranteed the results will be exactly 50 heads and | Certain

50 tails. However, when the students were asked to determine how the results

of a coin flip experiment would change with more trials, none of the students’ Aimost certar ST S determine the theoretical probability understanding of long term experimental probability.

explanations demonstrated that they had a completely accurate Likely After the conclusion of these Iesspns | of compc_)gnd events. * Simple and Compound Events

understanding of long term experimental probability. Evenly Likely studen.ts were able t.o accurate|y0|dent|fy 3‘ PN . Each of the four students could still accurately determine theoretical probabilities for
Simple and Compound Events scenarlF).s .as theoretical or experimental s 3 ,i 4) 5 J simple events (e.g. the probability of rolling a 3 on a single fair die is 1/6).

Each of the four students could accurately determine theoretical probabilities Unlikely probabilities. Sample Scenario: K | ﬂ | " | f;, E4 ‘ | Furthermore, two of the four students could now construct a table/diagrams to help
for simple events (e.g. the probability of rolling a 3 on a single fair die is 1/6). Almost Impossible Malik looks at a spinner that is divided into 6 equal sections; red, u Lf. | é- ¥ /\, q\ \ — them determine the probability for a compound event. Of those two students, one
However, none of the students could determine accurate theoretical | ye'":)Vrvc’)s:;‘?l'itgyrz‘:rl’;:(;‘i:]pg'Zna:feogfe”eg:;g'(iiiany?:;‘j‘éthe I C 7 8 [ S [ was able to arrive at the correct answer for sample question one, shown above.
probabilities for a compound event (e.g. sample question one, shown above). mpossible EEAR IRIGIR LN

Reflection and discussion: As we concluded our research it was apparent that some CCSSM Standards were more difficult for students to attain than others. Students struggled the most with standard 7.SP.A and standard 7.SP.8.B. For standard 7.SP.A, it was initially challenging for students to
use qualitative terms when describing probabilistic events. This indicates the importance of taking time to allow students to gain deep understanding of these terms even though they are included in a “bridging standard” not explicitly written into the CCSSM. The problems that students faced in
relation to standard 7.SP.8.B stemmed from the fact that they struggled to understand when tables and tree diagrams should be used to determine probabilities. We believe this occurred because students thought they could always see the sample space at a glance. When students were asked to
determine probabilities for compound events (rather than simple events) they failed to understand how drastically the sample space was altered. For example, none of the students had difficulty determining the probability of rolling a three on a single fair die; however, when they were asked to
determine the probability of rolling a sum of 7 with two fair die, each of the students gave a fraction response with 12 as the denominator. Their reasoning for this was that they could see that each die has 6 sides and that six plus six equals twelve possible outcomes. Based on these observations
we suggest that when teaching statistics and probability, teachers should encourage students to first list out the sample space prior to determining any theoretical probability. We propose this method because if students were in the habit of first listing out the sample space, even for simple events,
they may naturally start trying to systematically diagram the sample spaces for compound events as well. In addition, to help students further develop a sense of sample space with compound events, we suggest that students more gradually shift from using their own methods to using more formal
methods (i.e. lists, tables, and diagrams) for determining compound probabilities.




