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SimCalc—an integrated software and 
curriculum learning environment—combines 
two innovative technological ingredients to 
address core mathematical ideas in deep and 
sustainable ways for mathematics learners. 
First, software which utilizes dynamic 
interactive representations and, second, the 
use of wireless networks to enhance student 
participation in the classroom. The materials 
developed at the Kaput Center fuse these two 
important ingredients in mathematically 
meaningful ways through new curriculum 
materials that replace core mathematical units 
in high school Algebra 1 & 2 courses. We have 
measured the impact of implementing these 
materials on student learning, and high-stakes 
State examinations in local districts in 
Massachusetts. This report details the 
construction, validation and implementation 
of instruments to measure such outcomes in 
Algebra 2 classrooms.

The data reported in this technical report 
is from a wide variety of school settings, a mix 
of urban and smaller town schools in the 
South Coast Region of Massachusetts where 
their mathematical performances range from 
low (63% less than proficient) to very high 
(22% less than proficient). This population has 
helped us address whether our materials can 
aid all students and not just low achievers.

We have developed curriculum using 
SimCalc MathWorlds® software to replace 3-6 
weeks of Algebra 2 materials—depending on 
whether the class is on a block (90 minutes) or 
period (45 minutes) schedule. The assessment 
reported here is composed of standardized 
test items to measure student’s mathematical 
ability and problem-solving skills before and 
after this replacement unit.

OVERVIEW
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INSTRUMENT CONSTRUCTION
The Algebra 2 materials focus on 

comparing and interpreting linear and 
quadratic motion and graphs, linearly 
varying speed, interpreting velocity graphs, a 

focus on rate and differences in position, 
comparing families of quadratic functions, 
solving quadratic functions and interpreting 
solutions, investigating the “a,” “b,” and “c” 
value in   y = ax2 = bx = c .

This instrument was developed in Year 1 
of a 4-year IES-funded longitudinal study 
and was piloted in Year 2 as a pre-/post-test 
for our Algebra 2 intervention. The 
instrument was constructed following the 
principled assessment design approach 
(Mislevy, Steinberg, Almond, Haertel, & 
Penuel, 2003).  In this approach, we identified 
the specific knowledge or skills to be tested 
and then articulated an evidence model that 
specified the kinds of tasks (e.g., problem 
solving, application, open-ended, multiple-
choice) that were likely to reveal whether 
students had mastered the target knowledge 
base and skill set. Next, we created specific 
problems for students. The evidence model 
was refined through piloting and procedures 
t o e n s u re t h e t e c h n i c a l q u a l i t y o f 
assessments.

In order to improve content validity, the 
instrument was developed by primarily 
using standardized test items from high-
stakes examinations, items from textbooks, 
past state examinations, research literature 
and NAEP items.  Additionally, we verified 
that there was overlap between the test 
objectives, or state frameworks, and the 
content of our Algebra 2 curricula. The 
curriculum objectives for our Algebra 2 
materials were synthesized into 5 process and 
conceptual skills:

• Comparing/Contrasting
• Interpreting
• Identifying
• Investigating
• Solving
We then created a matrix with these 

objectives as rows and the mathematical 
content of the intervention (Linear, 
Quadratic, and Exponential) as columns (see  



Tables 1 & 2).

Table 1
Matrix of Original Objectives and Intervention Content

Linear Quadratic Exponential

Comparing/Contrasting U1 U1, U2, U3, U4, 
U5

U6

Interpreting U1, U2, U3, U4, 
U5

U1, U2, U3, U4, 
U5

U6

Identifying U1 U1, U3 U6

Investigating U2, U3, U4, U5

Solving U4, U5

U stands for the unit of the curriculum materials.

Table 2
Matrix of Final Objectives and Intervention Content

Linear Quadratic/Exponential

Comparing/Contrasting U1 U1, U2, U3, U4, U5, U6

Interpreting U1, U2, U3, U4, U5 U1, U2, U3, U4, U5, U76

Identifying U1 U1, U3, U6

Investigating U2, U3, U4, U5

Solving U4, U5

U stands for the unit of the curriculum materials.

We then assembled a pool of possible items (78) from the various state assessments with the 
previous matrices in mind. In order to attend to improving face and content validity, members 
of the research team, faculty from the STEM Education Department at the University of 
Massachusetts Dartmouth, and a member from the Evaluation Team form the University of 
Massachusetts Donahue Institute reviewed all items.  The 78 items (mostly multiple choice 
with a few short and long answer questions) were then grouped into categories based on the 
topics the items address.  Some of the items did overlap.  The content categories were: 

• Basic Math Knowledge (what a student should know coming into Algebra 2),
• Graphical Interpretation,
• Function Properties,
• Short and Long Answer Questions,
• Quadratic and Exponential Relationships,
• Cross-Representational Items,
• Procedural Items, and
• Other (math content not attended to in our intervention and not needed in order to be 

successful in our intervention).
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This was a starting point to begin to reduce the number of items that were similar and to add 
further structure to the matrix (see Table 3). 

Table 3
Matrix of Final Objectives and Expanded Content

LinearLinear Quadratic/ExponentialQuadratic/ExponentialQuadratic/ExponentialQuadratic/ExponentialQuadratic/ExponentialQuadratic/ExponentialQuadratic/ExponentialQuadratic/Exponential

Basics Graph 
Int

Prop. Short 
& 

Long

Basics Exponential Cross 
Rep

Other Graph 
Int

Procedural

Comparing/
Contrasting

6 
items

1 item

Interpreting 3 
items

1 item 1 item 1 item 1 item 1 item

Identifying 4 
items

✓✓ 1 
item

✓ 6 
items

2 
items

1 item

Investigating 1 
item

2 
items

1 item

Solving 1 
item

1 item ✓ 1 item 2 items

Note: ✓ indicates an item that has been placed into a different group but could also be placed here. 

The 78 items were reduced down to 38 items.  Items were eliminated based on:
1. Similarity to another item,
2. Language (formal or cultural) and symbol use, and
3. Irrelevance to content of intervention +/- cognitive transfer.

The items fit into the original skills matrix (see Table 4).
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Table 4
Initial Number of Items Within Each Objective and Content

Linear Quadratic/
Exponential

Total

Comparing/Contrasting ---- 7 items 7 items

Interpreting 3 items 5 items 8 items

Identifying 4 items 10 items 14 items

Investigating ---- 4 items 4 items

Solving ---- 5 items 5 items

U stands for the unit of the curriculum materials.



We wanted a varied and focused test.  Since the test items came from various states in the 
US, some items had to be eliminated because of their content, symbol use, or because the 
language was not outlined in the Massachusetts Curriculum Frameworks. The items were 
further refined to establish an overall balance of assessed topics with relation to the planned 
curriculum (see Table 5).
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Table 5
Final Number of Items Within Each Objective and Content

Total

Comparing/ Contrasting 5 items
Interpreting 7 items

Identifying 5 items

Investigating 3 items

Solving 5 items

Total 22 items

The 22-item Algebra 2 test was piloted with two computer science graduates, one emeritus 
mathematics professor, and four high school mathematics teachers, to determine if the test is a 
reasonable length or if some items needed to be eliminated. We then revised the instrument to 
ensure that the items were not too easy (p > .80) and that items could discriminate effectively 
between different performance levels.

A think-aloud was conducted after the test was piloted to discuss problematic or 
troublesome items.  After the think-aloud, the research team decided to eliminate three items 
from the test because of ceiling effects:

• Item 8
o Removed due to low correct response rates and there was no singular most 

popular wrong answer. Also, students could get tied up in mental arithmetic and 
waste time. 

• Item 11
o Removed due to low correct response rates and there was no singular most 

popular wrong answer. Also, it was considered a trick question and did not 
assess a learning objective.

• Item 13
o Eliminated because it was considered to be too difficult.

The final Algebra 2 content test was composed of 19 items (see Table 6) for a total of 22 
points: there was one open response item, 9 conceptually simple type items (M1) and 10 
conceptually complex type items (M2).
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Item Content Origin
1 Graphical interpretation; Identifying graphical properties from text/narrative MCAS November 2005, 

#8

2 Understanding of the properties and attributes of linear functions; 
Comparing two linear functions; Graphical interpretation; Intersection of 
linear functions

TAKS Grade 11,
 July 2004, #32

3 Understanding of the properties and attributes of quadratic functions; 
Identifying the type of function given a graph; Definitional question

TAKS Grade 11,
 July 2004, #15

4 Factoring difference of two squares; Procedural MCAS March 2006, #4

5 Interpreting a graphical representation of a quadratic function; Expressing 
relationship in narrative form

TAKS Grade 11, 
February 2006, #59

6 Vertical translation of a quadratic function; Skill transfer TAKS October 2005, #58

7 Determine a pattern given a table representation; Represent relationship 
symbolically; Cross representation item

MCAS March 2005 Retest, 
#9

8 Understanding of properties of quadratic functions; Graphical interpretation 
of the quadratic coefficient

TAKS July 2006 
Exit Level, #12

9 Understanding of the properties and attributes of quadratic functions; 
Demonstrate understanding of independent and dependent variables

TAKS July 2006 
Exit Level, #5

10 Table representation knowledge (reading and interpreting); Interpreting a 
quadratic relationship

TAKS July 2004, #6

11 Projectile motion problem; given symbolic representation for position of a 
rocket in motion, identify maximum height and when the rocket reaches the 
ground; Problem solving; Long answer question

NY Regents Exam 
(Mathematics B) 
June 2007, #32

12 Understanding of properties of quadratic functions; Graphical interpretation 
of the constant term; Translation of quadratic function

TAKS GRade 11, 
April 2006, #7

13 Demonstrate an understanding of the mathematical processes and tools used 
in problem solving; Doubling principle; Procedural

TAKS Grade 11, 
April 2006, #17

14 Comparing quadratic equations represented symbolically; Understanding 
properties of quadratic functions

TAKS July 2006 
Exit Level, #51

15 Demonstrate an understanding of the mathematical processes and tools used 
in problem solving; Interpreting a narrative; Identify relationship between 
velocity and acceleration

TAKS Grade 11, 
July 2004, #19

16 Graphical interpretation; Symbolic representation; Cross representations; 
Identifying the polynomial which represents the given graph

TAKS July 2006 
Exit Level, #53

17 Contrast two quadratic functions represented symbolically; Identify role of 
quadratic coefficient

TAKS Grade 11, April 2006
Exit Level, #46

18 Demonstrate understanding/ identify x-intercepts; Relationship between x-
intercepts and solutions to a quadratic equation

TAKS Grade 11, 
Spring 2003, #15

19 Demonstrate an understanding of the concepts and uses of measurement and 
similarity; Skill transfer

Fall 2005 TAKS, #44

Table 6
Description and Origin of Test Items for Algebra 2 Content Test 



METHODS OF ANALYSIS
Standard inferential statistics was conducted for all test items.  Tables 7 & 8 report basic test 

statistics based on the Algebra 2 pilot dataset, (US Department of Education, #R305B070430).  
These statistics include both students who received SimCalc in their classrooms (treatment) 
and the students who did not (comparison). 

Table 7
Standard Inferential Statistics for the Algebra 2 Pre- and Post-Test

Assessment N IR Min. Max. MTS SD

Pre-Test 155 .670 4 22 11.23 3.755

Post-Test 148 .748 0 22 13.36 4.411

IR = Internal Reliability; MTS = Mean Total Score; SD = Standard Deviation. The above is based on the Algebra 2 Pilot data 
(Study 3).

Table 8
Standard Inferential Statistics for Change Scores by Group

Change Score N Min. Max. MTS SD

Treatment 84 -10 10 2.19 3.224

Comparison 63 -4 8 1.97 2.688

MTS = Mean Total Score; SD = Standard Deviation. The above is based on the Algebra 2 Pilot data (Study 3).
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Standard Descriptive Statistics at Item Level
In addition to looking at the whole test level, we looked at the item level to discern 

differences between groups on particular items.  The sample, described in Table 9, is a 
restricted sample: only students who took a pre-test and a post-test were included in the item 
level descriptive statistics (Treatment n = 84, Comparison n = 63).
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Table 9
Descriptive Statistics on Each Individual Item

Mean Score (SD)Mean Score (SD) Diff. Score Diff. Score 

Item Pre Post Min Max Diff. Score Mean (SD)

   1   T .74 (.442) .69 (.465) -1 1 -.05 (.377)
        C .68 (.469) .83 (.383) -1 1 .14 (.470)
   2   T .89 (.311) .87 (.339) -1 1 -.02 (.346)
        C .78(.419) .92 (.272) -1 1 .14 (.170)
   3   T .38 (.489) .81 (.395) -1 1 .43 (.566)
        C .70 (.463) .73 (.447) -1 1 .03 (.474)
   4   T .73 (.449) .87 (.339) -1 1 .14 (.415)
        C .75 (.493) .97 (.177) -1 1 -.22 (.490)
   5   T .88 (.326) .82 (.385) -1 1 -.06 (.499)
        C .86 (.353) .97 (.177) -1 1 .11 (.406)
   6   T .63 (.485) .77 (.421) -1 1 .14 (.415)
        C .67 (.475) .75 (.439) -1 1 .08 (.451)
   7   T .46 (.502) .65 (.478) -1 1 .19 (.548)
        C .59 (.496) .70 (.463) -1 1 .11 (.571)
   8   T .54 (.502) .70 (.460) -1 1 .17 (.598)
        C .59 (.496) .56 (.501) -1 1 -.03 (.538)
   9   T .61 (.491) .58 (.496) -1 1 -.02 (.580)
        C .56 (.501) .68 (.469) -1 1 .13  (.635)
   10 T .90 (.295) .88 (.326) -1 1 -.02 (.379)
        C .76 (.429) .87 (.336) -1 1 .11 (.512)
   11 T .09 (1.002) .22 (1.465) -4 4 .14 (1.532)
        C .16 (1.310) .22 (1.525) -3 4 .06 (1.593)
   12 T .45 (.501) .65 (.478) -1 1 .20 (.597)
        C .40 (.493) .59 (.496) -1 1 .19 (.535)
   13 T .51 (.503) .65 (.478) -1 1 .14 (.518)
        C .63 (.485) .62 (.490) -1 1 -.02 (.582)
   14 T .65 (.478) .61 (.491) -1 1 -.05 (.579)
        C .65 (.481) .70 (.463) -1 1 .05 (.580)
   15 T .73 (.449) .79 (.413) -1 1 .06 (.523)
        C .81 (.396) .81 (.396) -1 1 .00 (.508)
   16 T .20 (.404) .29 (.454) -1 1 .08 (.542)
        C .27 (.447) .43 (.499) -1 1 .16 (.628)
   17 T .42 (.496) .43 (.498) -1 1 .01 (.611)
        C .46 (.502) .52 (.503) -1 1 .29 (.788)
   18 T .38 (.489) .62 (.489) -1 1 .24 (.688)
        C .37 (.485) .54 (.502) -1 1 .17 (.708)
   19 T .48 (.502) .55 (.501) -1 1 .07 (.636)
        C .48 (.503) .54 (.502) -1 1 .06 (.564)
T = Treatment; C = Comparison. All test items have a score of either 0 or 1 except for Item 11, which has a score of 0, 1, 2, 3, 
or 4.  The value for item 11 has been normalized.
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Odds Ratio
In analyzing dichotomous response data 

from educational research projects that 
utilize a (pseudo) case-control design, we 
used odds ratios and associated estimates to 
calculate confidence intervals (Breslow & Day, 
1980; Morris & Gardner, 2000). 

We present an item-by-item analysis of 
mean scores from pre- to post-test 
highlighting questions of statistically 
significant gain for either group. Since we 
are analyzing dichotomous data, we 
calculated the odds ratio rather than 
parametric or non-parametric t-tests.  Odds 
Ratios (OR) are simply the ratio of odds of 
success in one event to odds of success in 
another event.  A 2 x 2 contingency table can 
be set up for both groups(see Table 10), 
where the ratio of odds (OR) is AD/BC:

Table 10
Odds Ratio Calculation

Post-Test Pre-Test
Success A B
Failure C D

In a controlled-design, we used a modified 
version, which incorporates both groups into one 
contingency table (see Table 11). A 95% 
Confidence Interval (CI) is defined by (eY, eX) 
where Y = ln(OR) – (1.96 * SE) and X = ln(OR) + 
(1.96 * SE). So, the estimated risk for the 
treatment on a particular item is OR x 100% of 
the comparison with a 95% confidence interval 
of (eY, eX) as defined above. Hence, we wish to 
see ORs of significantly less than 1. A z-statistic is 
defined as z = ln(OR)/SE for significance testing.

Table 11
Modified Odds Ratio

Incorrect 
on Post

Correct on Post & 
Incorrect on Pre

  Treatment A B
  Comparison C D

Table 12 include two columns of p-
values, one indicating significance for the 
comparison group and one indicating 
significance for the treatment group at the 
item level.  We can see Items 3 and 8 are of 
significant benefit to the treatment group 
while Items 1, 2, 4, 5, and 9 are of 
significant benefit to the comparison group. 
For Item 3, OR = .193 and SE = .522, so the 
estimated risk for treatment students on 
this item was 19.3% (OR x 100%) of the 
comparison with a 95% confidence interval 
of 6.9% to 53.7%.  There are items—1, 2, 4, 
5, and 9 — for which the estimated risk of 
not gaining is higher for the treatment than 
comparison.  These items, with the 
exception of Item 5 are review items of 
linear functions, procedural items and are 
consistently repeated throughout chapters 
in mainstream textbooks pertaining to 
quadratic functions.  Items 1 and 2, for 
example, are baseline problems focused on 
linear functions; and Item 4 asks for the 
factored form of a second-degree 
polynomial.  Item 3 involves identification 
of a particular function and Item 8 involves 
a generalized interpretation of a graphical 
representation of a function from a 
symbolic representation.
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Table 12
Odds Ratio for Multiple Choice Items and Significance

Item OR SE
CICI

p-value (C) p-value (T)Item OR SE Lower Upper p-value (C) p-value (T)

1 7.091 0.680 1.869 26.898 0.002** 0.998
2 6.600 0.790 1.403 31.051 0.008** 0.992
3 0.193 0.522 0.069 0.537 0.999 0.001**

4 5.176 0.844 0.990 27.065 0.026* 0.974
5 8.438 0.896 1.457 48.852 0.009** 0.991
6 0.0763 0.546 0.262 2.221 0.690 0.310
7 0.971 0.452 0.401 2.354 0.526 0.474
8 0.311 0.494 0.118 0.818 0.991 0.009**

9 2.288 0.463 0.924 5.670 0.037* 0.963
10 3.000 0.713 0.742 12.134 0.062† 0.938
12 0.714 0.419 0.314 1.622 0.790 0.210
13 0.671 0.481 0.261 1.724 0.796 0.204
14 1.737 0.500 0.652 4.624 0.135 0.865
15 0.857 0.579 0.276 2.667 0.605 0.395
16 1.875 0.403 0.851 4.132 0.059† 0.941
17 1.300 0.440 0.0549 3.079 0.275 0.725
18 0.759 0.377 0.362 1.590 0.0768 0.232
19 0.786 0.441 0.332 1.865 0.707 0.293

OR = odds ratio; SE = standard error; CI = confidence interval; T = Treatment; C = Comparison; * p<.05, ** p<.01, *** p<.001, † p<.1

Open Response Item
For the open response question, Item 11, 

we used a non-parametric significance tests.  
No significant differences were found. 
However, the treatment group (Mean = .09) 
did differ significantly from the comparison 
group (Mean = .163) on the pre-test, U = 
2,325.500, p  = .063.  Additionally, the 
treatment group (Mean = .134) did not differ 
significantly from the comparison group 
(Mean = .060) on the change-score from pre- 
to post-test, U = 3,021.000, p = .082.

Confidence and Reality Measures
Each content test item included a 7-point 

Likert scale for students to report how 
confident they felt in answering the 
mathematics content question.  The scale 
ranged from not confident—a value of 1—to 

very confident—a value of 7—with neutral 
in the middle.  We used this to create the 
reality statistic (Hegedus & Davis, 2004) on 
both the pre- and post-test:

R= 1-|(t – c)|

where  t = total test score/total possible 
points on test and c = average confidence 
score/7. This statistic indicates how realistic 
(on a scale from 0 to 1) the student, or group, 
was in being able to accurately identify when 
they answered a question correctly or 
incorrectly.  The closer this value is to 1, the 
more realistic the student is about their 
ability.

Content Item Story
Item 8 (see Figure 1) displays the graphs 
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for four quadratic functions and asks about 
the relationship of the quadratic coefficient 
to the graphical representation.  This 
q u e s t i o n s e e k s t o d e m o n s t r a t e a n 
understanding of quadratic function 
properties across representations.  The 
comparison group scored slightly higher 
than the treatment group on the pre-test of 
this item but had a negative change score 
pre-to-post whereas the Treatment group 
had a positive change pre-to-post.  The Odds 
Ratio = .311 and the Standard Error = .494, so 
the estimated risk for treatment students on 
this item was 31% (OR x 100%) of the com-

parison with a 95% confidence interval of 
11.8% to 81.8%.

A Wilcoxon matched-pairs signed-ranks 
test of students’ reported confidence on this 
item significantly changed in a positive, 
more confident, direction from pre-to-post 
for the treatment group at the .001 level, 
whereas the change in confidence from pre-
to-post for the comparison group was 
negative and was significant at the .05 level 
(as noted in Table 15). The confidence change 
f ro m p re - t o - p o s t d i d s i g n i f i c a n t l y 
differentiate the groups on this item in favor 
of the Treatment group at the .001 level.

The graphs below represent functions of the form of   y = ax2 .  In which of the following graphs 
does a have the smallest value? 

A.      B.

C.       D.   

Figure 1. Item 8.
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Group Level Statistics
Since students who left at least one 

confidence response blank would be 
excluded from analysis of the groups at the 
whole test level, values were imputed for 
missing confidence data based on the series 
mean—the mean of values of all students for 
the confidence of that particular item.  If we 
did not impute values for missing 
confidence data, we would decrease the 
number of participants included, decrease 
the power, and also affect the reality scores 
reported.  Responses with the imputed 
confidence values are only used here for 
reporting at the overall test level; when 
focusing on the item level, no confidence 
values were imputed for missing data.  Any 
missing responses for confidence items were 
excluded from the item level analysis, hence 
why the participant value (n) changes.

At the item level, it is important to note 
that the majority of missing data for any 
single item exists in the open response 
question in which students are asked to 
answer the question in a test booklet and 
respond regarding their confidence on a 
separate test answer sheet.  In addition, the 
final questions also had a low response rate 

Table 13
Open Response Valid and Missing Cases

Q11 Confidence Q11 Confidence 
Pre Post

 N  Valid 125 121 N
 Missing 22 26

At the group level, where series mean 
values were imputed to compute a pre-
average confidence and a post-average 
confidence and an average change in 
confidence and in reality, we see a positive 
change in confidence for both the treatment 
and comparison groups on the content test.  
Using student confidence scores as well as 
content scores on the pre- and post-test, a 
reality statistic was computed as noted 
above.  The average change in reality for 
both the treatment and comparison groups is 
slightly positive. Descriptive statistics are 
shown below in Table 14 (Treatment n = 84, 
Comparison n = 63).

for confidence.  This could potentially be due 
to students not completing the test.  Table 13 
displays the valid and missing data for the 
open response item.  

Table 14
Standard Descriptive Statistics for Confidence and Reality Measures

Min Max M SD
Treatment Pre Average Confidence 2.16 6.74 4.65 1.107Treatment

Post Average Confidence 1.47 7.00 5.15 1.168
Treatment

Change in Confidence -2.47 2.42 .50 .858

Treatment

Pre Reality Statistic .48 .99 .84 .106

Treatment

Post Reality Statistic .32 1.00 .86 .109

Treatment

Change in Reality -.53 .44 .02 .128
Comparison Pre Average Confidence 2.58 6.89 4.69 .963Comparison

Post Average Confidence 2.63 7.00 5.00 .858
Comparison

Change in Confidence -1.45 1.95 .30 .858

Comparison

Pre Reality Statistic .55 1.00 .86 .104

Comparison

Post Reality Statistic .73 1.00 .88 .078

Comparison

Change in Reality -.24 .44 .02 .128
M = mean; SD= standard deviation.
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Item Level Statistics
The item level confidence descriptive 

statistics do not have imputed values.  If 
students left an item blank, they were not 
excluded from the descriptives (see Table 
15), however they were excluded for that 
particular item.  Each student’s response was 
included at the item level if a response 
existed.  

We used the Wilcoxon matched-pairs 
signed-ranks test to test for significance in 
change of confidence from pre-to-post 
within each experimental group on each 
individual item.  Any significance indicated 
by the Wilcoxon matched-pairs signed-ranks 
test is indicated in the mean score post 
column for the group(s) for which it is 
significant.  For example, Item 8 (in Table 15) 
indicates a significant change pre-to-post for 
the treatment group (p < .001) and for the 
comparison group (p < .05).  To test for 
significant change in confidence between the 
experimental groups, we used the Mann-
Whitney Independent Samples U Test.  In 
the Change in Confidence Mean column, 
s ign i f i cance on the Mann-Whi tney 
Independent Samples U test is indicated in 
the cell for the group in which the 
significance is directed.

Reality Measures
The item level reality descriptive statistics 

do not have imputed values, and are based 
on the confidence data reported in Table 15.  
Each student’s response was included at the 
item level if a response existed.  At the item 
level, student test and confidence scores on 
each item were used to calculate an item 
level reality distribution (see Table 16).

We used the Wilcoxon matched-pairs 
signed-ranks test to check for significance in 
change of reality from pre-to-post within 
each experimental group on each individual 
item.  Any significance indicated by the 
Wilcoxon matched-pairs signed-ranks test is 
indicated in the mean score post column for 
the group(s) for which it is significant.  For 
example, Item 3 (in Table 16) indicates a 
significant change pre-to-post for the 
treatment group (p<.001) but not for the 
comparison group.  To test for significant 
change in reality between experimental 
groups, we used the Mann-Whitney 
Independent Samples U Test.  In the Change 
in Reality Mean column, significance on the 
Mann-Whitney Independent Samples U test 
is indicated in the cell for the group in which 
the significance is directed. 
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Table 15
Descriptive Statistics of Confidence for Each Individual Item

n n M (SD)M (SD) SE Skewness SE Skewness ∆ Conf.∆ Conf.
Item Pre Post Pre Post Pre Post n ∆ Min Max ∆ Conf. M (SD)
1  T 84 83 5.56 (1.653) 5.70 (1.567) -.936 (.263) -1.157 (.264) 83 -3 5 .11* (1.482)
    C   63 63 5.84 (1.382) 5.41* (1.399) -.1.031 (.302) -.418 (.302) 63 -3 3 -.43 (1.241)

2  T 84 83 6.12 (1.284) 6.10 (1.478) -1.697 (.263) -1.632 (.264) 83 -3 2 -.02 (1.024)

    C 63 63 6.06 (1.544) 6.38 (.906) -1.794 (.302) -1.650 (.302) 63 -3 5 .32 (1.490)

3  T 84 83 4.79 (1.844) 5.77*** (1.426) -.492 (.263) -.826 (.264) 83 -3 5 .95** (1.794)

    C 63 62 5.29 (1.904) 5.45 (1.565) -.903 (.302) -.610 (.304) 62 -5 6 .10 (1.817)

4  T 84 83 5.50 (1.860) 6.10* (1.453) -1.065 (.263) -1.930 (.264) 83 -3 6 .54 (1.856)

    C 63 62 5.92 (1.579) 6.31† (1.168) -1.515 (.302) -1.971 (.304) 62 -2 5 .40 (1.498)

5  T 84 83 5.90 (1.461) 5.93 (1.360) -1.136 (.263) -1.149 (.264) 83 -4 4 .00 (1.440)

    C 63 63 5.81 (1.575) 6.03 (1.077) -1.595 (.302) -.784 (.302) 63 -3 6 .22 (1.660)

6  T 84 83 4.76 (1.930) 5.28* (1.699) -.467 (.263) -.769 (.264) 83 -3 5 .48 (1.611)

    C 63 63 4.78 (1.727) 5.06 (1.722) -.421 (.304) -.571 (.302) 63 -6 5 .29 (1.844)

7  T 84 83 5.21 (1.817) 5.54 (1.762) -.845 (.263) -1.093 (.264) 83 -6 6 .30 (1.943)

    C 63 63 5.14 (1.595) 5.17 (1.836) -.586 (.302) -.766 (.302) 63 -6 5 .03 (2.055)

8  T 84 83 4.21 (1.895) 5.13*** (1.673) -.055 (.263) -.711 (.264) 83 -3 6 .89*** (1.660)

    C 62 62 4.77 (1.614) 4.50* (1.667) -1.161 (.304) -.077 (.304) 61 -3 3 -.36 (1.426)

9  T 84 83 3.79 (2.201) 4.10 (1.973) .050 (.263) .019 (.264) 83 -5 6 .29 (2.127)

    C 63 61 3.13 (2.106) 4.07** (2.175) .566 (.302) -.107 (.306) 61 -4 6 .87 (2.320)

10 T 84 83 5.65 (1.427) 5.78 (1.562) -.894 (.263) -1.262 (.264) 83 -6 4 .13 (1.644)

     C 62 62 5.84 (1.357) 5.85 (1.226) -1.161 (.304) -.982 (.304) 61 -3 3 .02 (1.147)

11 T 74 74 2.08 (1.804) 3.24*** (2.182) 1.603 (.279) .378 (.279) 67 -3 6 1.22 (2.145)

     C 51 47 2.51 (1.953) 3.06** (2.220) 1.049 (.333) .650 (.347) 38 -3 5 .79 (1.679)

12 T 84 83 3.64 (2.092) 4.54** (1.790) .311 (.263) -.247 (.264) 83 -3 6 .87 (2.246)

     C 60 62 3.78 (2.084) 4.08 (2.137) .241 (.309) -.077 (.304) 59 -4 4 .36 (1.759)

13 T 83 83 6.23 (1.074) 5.90† (1.322) -1.320 (.264) -.923 (.264) 82 -5 4 -.33 (1.524)

     C 62 61 6.03 (1.293) 5.80 (13.52) -1.614 (.304) -1.471 (.306) 60 -4 3 -.12  (1.329)

14 T 83 83 4.02 (1.746) 4.88***  (1.804) -.136 (.264) -.595 (.264) 82 -3 5 .84 (1.746)

     C 58 60 3.88 (1.601) 4.37**  (1.775) -.088 (.314) -.224 (.309) 56 -3 4 .61  (1.545)

15 T 83 82 5.52 (1.611) 5.67 (1.564) -.805 (.264) -1.080 (.266) 81 -5 4 .14 (1.394)

     C 60 60 5.33 (1.602) 5.35 (1.706) -.749 (.309) -1.059 (.309) 57 -2 4 .25 (1.286)

16 T 83 82 3.66 (2.050) 4.33**  (2.031) .270 (.264) -.245 (.266) 81 -4 6 .62 (1.997)

     C 60 60 3.77 (1.908) 4.37*  (2.147) .225 (.309) -.252 (.309) 57 -4 6 .68 (2.173)

17 T 82 83 4.28 (1.874) 5.04**  (1.565) -.120 (.266) -.550 (.264) 81 -3 6 .69 (1.663)

     C 60 60 4.33 (1.866) 4.70*  (1.816) -.199 (.309) -.343 (.309) 57 -3 5 .47 (1.571)

18 T 82 83 3.61 (2.023) 4.59**  (2.006) .176 (.266) -.317 (.264) 81 -6 6 .96 (2.522)

     C 60 60 3.52 (2.087) 4.75***  (2.055) .225 (.309) -.547 (.309) 57 -3 6 1.37 (2.084)

19 T 81 82 3.79 (1.822) 4.24*  (1.789) .129 (.267) -.311 (.266) 79 -3 5 .48 (1.663)

     C 59 60 3.49 (1.726) 4.17**  (2.035) .171 (.311) .016 (.309) 56 -3 5 .86 (1.793)

The minimum value for total confidence is 1 and the maximum value for total confidence is 7. n = n value for confidence; M = mean score; 
Skewness (SE) = Skewness (Standard Error); n Δ= n value for change in confidence; Δ Conf. = change in confidence; Δ Conf. M = change in 
Confidence Mean; T = Treatment; C = Comparison; * p < .05, ** p < .01, *** p < .001, † p < .1
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Table 16
Descriptive Statistics of Reality for Each Individual Item

n n M (SD)M (SD) ∆ R∆ R
Item Pre Post Pre Post n ∆ Min Max ∆ M (SD)

1   T 84 83 .71 (.314) .73 (.306) 83 -.67 1.00 .02 (.268)
     C 63 63 .69 (.337) .69 (.274) 63 -.83 .83 .00 (.286)
2   T 84 83 .85 (.214) .85 (.241) 83 -1.00 1.00 .00 (.269)
     C 63 63 .80 (.312) .88 (.198) 63 -.50 1.00 .08 (.345)
3   T 84 83 .52 (.334) .78*** (.261) 83 -.50 1.00 .26*** (.371)
     C 63 62 .70 (.328) .73 (.275) 62 -.83 1.00 .02 (.363)
4   T 84 83 .73 (.325) .79 (.309) 83 -1.00 1.00 .07 (.422)
     C 63 62 .75 (.334) .87* (.215) 62 -.83 1.00 .13 (.360)
5   T 84 83 .80 (.268) .79 (.262) 83 -1.00 .67 -.01 (.328)
     C 63 63 .82 (.243) .81 (.223) 63 -.83 1.00 -.01 (.301)
6   T 84 83 .67 (.301) .72 (.280) 83 -1.00 .83 .05 (.295)
     C 63 63 .66 (.271) .72 (.255) 63 -.83 1.00 .06 (.352)
7   T 84 83 .61 (.349) .70† (.338) 83 -1.00 1.00 .07 (.418)
     C 63 63 .59 (.315) .70* (.303) 63 -.83 .83 .11 (.332)
8   T 84 83 .61 (.298) .60 (.321) 83 -1.00 .83 -.01 (.370)
     C 62 62 .65 (.257) .64 (.252) 61 -1.00 .67 .01 (.274)
9   T 84 83 .58 (.360) .62 (.304) 83 -.83 1.00 .04 (.381)
     C 63 61 .65 (.349) .65 (.331) 61 -1.00 1.00 .01 (.452)
10 T 84 83 .74 (.271) .83** (.218) 83 -.50 1.00 .09 (.278)
     C 62 62 .70 (.326) .72 (.301) 61 -1.00 1.00 .02 (.398)
11 T 74 74 .87 (.213) .78** (.256) 67 -.75 .83 -.09 (.297)
     C 51 47 .85 (.209) .76* (.268) 38 -.83 .50 -.11 (.310)
12 T 84 83 .63 (.327) .69 (.249) 83 -.67 1.00 .04 (.367)
     C 60 62 .73 (.261) .72 (.277) 59 -1.00 1.00 -.01 (.396)
13 T 83 83 .54 (.412) .67** (.349) 82 -1.00 1.00 .13 (.404)
     C 62 61 .60 (.390) .63 (.354) 60 -1.00 1.00 .02 (.451)
14 T 83 83 .58 (.278) .67* (.285) 82 -.67 .83 .10 (.336)
     C 58 60 .57 (.259) .62 (.276) 56 -.50 1.00 .08 (.318)
15 T 83 82 .72 (.296) .77 (.269) 81 -.83 1.00 .04 (.307)
     C 60 60 .72 (.267) .71 (.293) 57 -.83 .67 -.01 (.305)
16 T 83 82 .57 (.339) .53 (.342) 81 -1.00 1.00 -.03 (.441)
     C 60 60 .68 (.262) .73 (.277) 57 -1.00 1.00 .05 (.341)
17 T 82 83 .58 (.307) .56 (.307) 81 -1.00 1.00 -.02 (.407)
     C 60 60 .60 (.299) .67 (.278) 57 -.83 1.00 .06 (.405)
18 T 82 83 .59 (.331) .57 (.341) 81 -1.00 1.00 -.02 (.477)
     C 60 60 .55 (.353) .63 (.340) 57 -1.00 1.00 .08 (.441)
19 T 81 82 .62 (.280) .58 (.290) 79 -1.00 .83 -.04 (.380)
     C 59 60 .60 (.282) .61 (.321) 56 -.83 1.00 -.01 (.380)
n = n value for reality; M = mean score; n Δ = n value for change in reality; Δ R = change in reality; Δ M = mean change in reality; T = 
Treatment; C = Comparison; * p < .05, ** p < .01, *** p < .001, † p < .1
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Confidence Item Story
Referring back to Item 8 (as previously 

detailed), we not only see high learning 
gains for the treatment group, but we also 
see significant changes in average confidence 
for the treatment group as compared to the 
comparison group.  On the pre-test, both 
experimental groups report an average 
confidence just above neutral on the Likert 
scale, indicating a slight positive confidence 
for this item.

On the post-test, however, the treatment 
students’ gain in average confidence moved 
toward the more positive side of neutral, 
indicating an average positive confidence of 
5.13 on this item. While this average 
confidence score on a scale of 1 to 7 might 
not seem like a big change, this average 
confidence change, on this particular item, 
did not occur for the comparison group.  The 
average confidence for the comparison 
group on this item moved closer to neutral 
with a negative confidence change.  We find 
the change worth noting given that such a 
change in confidence was not expected 
within the short time period. We do 
acknowledge the problems involved in 
trying to measure confidence this way, for 
example, that students may not be able to 
discern the fine distinctions between 
numerical values on the scale, or that 
students’ responses may be a reaction to 

their world and attitude at that moment in 
time, or a reaction to the test rather than a 
true account of their confidence in answering 
the test item. However, this confidence scale 
could potentially yield valuable information 
regarding students’ perceptions of their 
answers.

NEXT STEPS
These instruments are presently being used in 

a cluster randomized efficacy study in high 
school classrooms in Massachusetts’ schools. We 
will report on student learning outcomes in other 
venues. We encourage readers to use these 
instruments in their own implementations of 
SimCalc around the world.
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APPENDIX

CONTENT TEST

Instructions:  The test is comprised of 22 questions.  For each question, there is a confidence scale from 
1 to 7.  Students are asked to circle the number that indicates how confident they are in answering each 
question. Students are not allowed to use a calculator and have 45 minutes to complete the test.

Item #1a

Which of the following best represents the graph of a line with an undefined slope?
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A.       B.

C.       D.   

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #1b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.
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Item #2a

Amy is choosing between two local internet service providers, Simple.com and Call.com. The graph 
shows the relationship between the total cost per month of each Internet provider and the hours spent 
on-line.
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According to the graph, which of these statements is 
true?

A. Simple.com would cost less than Call.com if Amy 
used Internet more than 5 hours a month.

B. Call.com would cost less than Simple.com if Amy 
used the Internet less than 5 hours a month.

C. Simple.com would cost less than Call.com if Amy 
used the Internet for exactly 5 hours a month.

D. Call.com would cost less than Simple.com if Amy 
used the Internet more than 5 hours a month.

Item #3a

Which type of parent function is represented by the function graphed below?

A. Exponential

B. Absolute Value

C. 6 Linear

D. Quadratic

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #2b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #3b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.
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Item #4a

What is the factored form of the expression below?

  x
2 − 16

Page 19

A.   (x − 4)(x + 4)                     B.   (x − 8)(x + 8)                     C.   (x − 4)(x − 4)                     D.  (x − 8)(x − 8)

Item #5a

The graph represents the relationship between the height of a ball and the distance it traveled after the 
ball was thrown.

What conclusion can be drawn from the graph 
about this relationship?

A. The ball reached a maximum height of about 
16 feet after traveling a horizontal distance of 
approximately 33 yards.

B. The ball reached a maximum height of about 
13 feet after traveling a horizontal distance of 
approximately 14 years.

C. The ball was thrown from a height of 
approximately 6 feet above the ground and 
traveled a horizontal distance of 
approximately 20 yards before it reached its 
maximum height.

D. The ball was thrown from a height of 
approximately 7 feet above the ground and 
traveled a horizontal distance of 
approximately 10 yards before it reached its 
maximum height.

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #4b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #5b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.
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Item #6a

If the graph of the equation   y = x2 +1is translated 3 units down, what will be the equation of the new 

graph?

A.   y = (x − 3)2 + 1                     B.   y = x2 − 2                     C.   y = x2 + 4                     D.  y = −3x2 + 1

Item #7a

The table below shows the annual salaries of employees of a company based on year of employment.

If the pattern established in the table continues, which of the following expressions best represents 
the total number of bacteria, in thousands, in the Petri dish after t hours’ growth?

A. 2t                                  B.   2t2                                   C.   2
t                                   D.   t

2

                            BACTERIA GROWTH
Numbers of 

Hours’ Growth
Total Number 

of Bacteria 
(in thousands)

0

1 2

2 4

3 8

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #6b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #7b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.
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Item #8a

The graphs below represent functions of the form of   y = ax2 .  In which of the following graphs does a 

have the smallest value? 

A.      B.

C.       D.   

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #8b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.
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Item #10a

Nancy threw a ball upward from the roof of a 50-foot-high building at an initial velocity of 40 feet per 
second.  The table shows the relationship between the time elapsed and the ball’s height above the 
ground.

If the height of the ball is a quadratic function of time, 
between what times did the ball reach a height of 70 
feet?

A. Between 0 seconds and 0.5 seconds

B. Between 1 second and 1.5 seconds

C. Between 0.5 seconds and 1 second and between 1.5 
seconds and 2 seconds

D. Between 1 second and 1.5 seconds and between 1.5 
seconds and 2 seconds.

Time After Nancy 
Threw the Ball 

(seconds)

Height of the Ball 
Above the 

Ground (feet)

0 50

0.5 66

1.0 74

1.5 74

2.0 66

2.5 50

Item #9a

A function is described by the equation   y = 2x2 − 5x − 3 , in which y is dependent on x.  If a value for the 

independent variable is selected from the set  −4,−1,0,2,5{ } , which of the following is a corresponding 

dependent value?

A. 9                                          B. –6                                          C. –5                                          D. 0

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #9b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #10b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.
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Item #11a

The path of a rocket fired during a fireworks display is given by the equation  s(t) = 64t −16t2 , where t is 

time, in seconds, and s is height, in feet.  Show all work.

          

         What is the maximum height, in feet, the rocket will reach?

         In how many seconds will the rocket hit the ground?
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1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #11b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.
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Item #12a

The graph of a function of the form of   y = ax2 + c  is shown below.
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If the graph is translated only up or down to include 
the ordered pair  (6,7) , which of the following 

equations best represents the resulting graph?

A.
  
y = −

1
3

x2 + 3

B.
  
y =

1
3

x2 + 1

C.
  
y = −

1
3

x2 − 10

D.
  
y =

1
3

x2 − 5

Item #13a

A biologist noticed that the population of ladybugs in a sample doubled every 3 days.  If the initial 
population sample was 30 ladybugs, what was the population of ladybugs at the end of 9 days?

A. 90                                        B. 270                                        C. 120                                        D. 240

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #12b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #13b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.
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Item #14a

Look at the equations shown below.

  
y =

4
5

x2 + 3  ,         
  
y =

4
5

x2         
  
y =

4
5

x2 − 5 ,         
  
y =

4
5

x2 +
3
5

Which of the following statements is true for the graphs of all the equations given?

A. The graphs are congruent and open downward.

B. The graphs open upward and are symmetrical about the y-axis.

C. The graphs are congruent and are listed from the narrowest to widest.

D. The graphs open downward and are symmetrical about the y-axis.

Item #15a

Mike was driving his car at a constant speed of 50 miles per hour.  Then he accelerated at a constant 
rate for 7 seconds.  What additional information is needed to determine the speed of the car after 7 
seconds?

A. The speed of the car prior to acceleration

B. The length of time Mike accelerated

C. The speed limit

D. The rate of acceleration

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #14b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #15b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.



 

 Kaput Center for 
Research and Innovation in STEM Education

“Democratizing Access for A! Students to Powerful Mathematical Ideas”

Item #16a

Which of the following polynomial equations best represents this graph?
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A.   (x + 6)(x − 2) = y

B.   (x − 2)(x − 16) = y

C.   (x − 6)(x + 2) = y

D.   (x + 2)(x + 16) = y

Item #17a

How does the graph of 
  
y = −

3
4

x2 differ from the graph of 
  
y =

4
3

x2 ?

A. The graph 
  
y = −

3
4

x2  opens downward and is wider than the graph of 
  
y =

4
3

x2

B. The graph 
  
y = −

3
4

x2  opens upward and is wider than the graph of 
  
y =

4
3

x2

C. The graph 
  
y = −

3
4

x2  opens upward and is narrower than the graph of 
  
y =

4
3

x2

D. The graph 
  
y = −

3
4

x2  opens downward and is narrower than the graph of 
  
y =

4
3

x2

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #16b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #17b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.
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Item #18a

What are the x-intercepts of the graph of the equation   y = x2 + x − 12 ?
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A.   x = 4 ,   x = 3

B.   x = −4 ,   x = 3

C.   x = −4 ,   x = −3

D.   x = 4 ,   x = −3

Item #19a

The formula for the volume of a cylinder with a height of 5 units can be represented as   y = 5πx2 , where 

x represents the radius.  If the cylinder’s height is tripled, what is the effect on the graph of y as a 
function of x?

A. The graph is translated up

B. The graph remains the same

C. The graph becomes narrower

D. The graph becomes wider

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #18b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #19b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.
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Rubric for Content Test
For all of the following multiple choice questions:

Rubric: 1 point = Correct Answer;  0 points = Incorrect Answer;  Blank = No Response
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Item # Correct Answer/Rubric for Long Answer Question

11 Correct Answers: 
a. Maximum height = 64 feet
Work: (1) Students might have graphed the function and identified the maximum value from the graph or 
used a table to help build the graph; (2) Students may have found the vertex point using –b/2a (–64)/(2*–
16)=2 seconds. Plugging this back into the function for x, s(t)=64(2)–16(2)^2 gives you 64 feet; (3) Students 
might find the velocity function, s’(t)=64 and set it equal to 0, 0=64–32t; 32t=64, t=2, and plugged 2 into the 
original function, s(2)=64(2)–16(2)^2=64 feet; (4) Student may have set the original equation equal to 0, 
0=64(t)–16(t)^2 and solved; 16t^2=64t; 64=16t; t=64/16; t=4 students would also have to mention since the 
function is symmetric, the maximum value should be 4/2 = 2 seconds and plugged 2 back into the function, 
s(t)=64(2)-16(2)^2 gives you 64 feet. Students do not need to explicitly state symmetry; dividing 4 in half and 
plugging in 2 is okay; (5) Note: Students may have correctly solved another way.

b. Time (or t) = 4 seconds
Work: (1) Students might have graphed the function and identified when y is 0 on the graph, or used a table 
to help identify this point; (2) Students might have set the function equal to 0 and solved for t by factoring, 
0=64t-16t^2; 16t(4-t) = 0; 16t=0, t=0 (starting point) or (4-t)=0, t=4 seconds.  OR 64t=16t^2; 64=16t; t=64/16; 
t=4 seconds;  (3) Students have recognized the function is symmetric and since it starts at 0 feet, reaches it’s 
maximum value after 2 seconds, it will again be on the ground at 4 seconds.  A graph of the parabola is 
drawn with a vertical line at x=2; (4) Note: Students may have correctly solved another way.

Rubric:
4 points = Maximum height = 64 and time = 4, and appropriate work is shown.
3 points = Appropriate work is shown, but one computational or graphing error is made OR the correct time 
is found and the appropriate or is shown but the maximum height is not found.  Students must attempt to 
answer both parts (maximum height and the time the rocket hits the ground) to receive 3 points.
2 points = Appropriate work is shown, but two or more computational or graphing errors made OR 
appropriate work is shown but one conceptual error is made OR the maximum height is show but an 
incorrect value is found for t OR appropriate work is shown but only the time that the maximum height 

occurs is found and the quadratic equation   64t −16t2 = 0 factored but no further correct work is shown OR 
appropriate work and answer is show for part a and only the correct answer for part b with no work shown 
1 point = appropriate work is shown, but one conceptual error and one computational or graphing error are 
made OR appropriate work is shown but only the time that the maximum height occurs is found or the 

quadratic equation   64t −16t2 = 0 factored OR maximum height = 64 and time = 4, but no work is shown.
0 points = maximum height = 64 or time = 4, but no work is shown OR a zero response is completely 
incorrect, irrelevant or incoherent or is a correct response that was obtained by an obviously incorrect 
procedure
Blank = No Response

Item Correct Answer

1

2

3

4

5

6

D

D

D

A

B

B

Item Correct Answer

14

15

16

17

18

19

B

D

A

A

B

C

Item Correct Answer

7

8

9

10

12

13

C

A

C

C

D

D
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