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SimCalc MathWorlds® combines two 
innovative technological ingredients to address 
core mathematical ideas in deep and sustainable 
ways for mathematics learners. First, the 
software addresses content issues through 
dynamic representations and, second, the use of 
wireless networks 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.

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 State 
mathematics 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.  

THE ASSESSMENTS AND THEIR PURPOSE

OVERVIEW

We have developed software and curriculum
—in two parts—to replace 6-12 weeks of Algebra 
1 materials.  The two assessments reported here 
are composed of standardized test items to 
measure student’s mathematical ability and 
problem-solving skills before and after each 
intervention.

INSTRUMENT CONSTRUCTION

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 mastered the target 
knowledge base and skill set. Next, we created 
specific problems for students. The evidence 
model was refined through piloting and 
procedures to ensure the technical quality of 
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. Ten percent of the items related to the 
software and covered two broad types of 
questions: (i) mathematics related to content 
areas that students are expected to know on 10th 
grade MA statewide examinations, and (ii) 
questions that require advanced mathematical 
ability drawing on deeper links between Algebra 
and Calculus.  State assessment tests are 
designed to meet State standards for mathematics 
education at appropriate grade levels.  In most 
cases, state exams are used to hold schools and 
districts accountable for the progress they have 
made toward the objective of the No Child Left 
Behind Law (from the State Education 
Department websites for CA, MA, & TX). A total 
of 125 items—60  items  for the  first  content test 
and 65 items for the second content test—were 
compiled from various high stakes State 
assessment tests, such as the Massachusetts 
Comprehensive Assessment System (MCAS), 
Texas Assessment of Knowledge and Skills 
(TAKS), Regents Exam in New York, and the 
California High School Exit Examination 
(CAHSEE), as well as National Assessment of 
Educational Progress (NAEP) items, and 
Advanced Placement Calculus items.  A few non-
standardized items designed by the research 
team were included. These items had previously 
been used as assessment items in undergraduate 
SimCalc classrooms. In order to attend to 
improving face and content validity, all items 
were  reviewed by a panel of experts including 
members of the research team, faculty from the 

The Algebra 1 materials focus on linear 
functions, co-variation, slope-as-rate versus slope 
as m in y=mx+b, simultaneous equations, and 
systems of linear functions.  The two parts have a 
pre-& post-test associated with them.  Each test 
instrument was constructed in a similar way.

The instruments were constructed following 
the principled assessment design approach 
(Mislevy, Steinberg, Almond, Haertel, & Penuel, 
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Mathematics Department at the University of 
Massachusetts Dartmouth, high school 
administrators, and teachers. The assessment 
developers piloted the materials and revised 
them to ensure that the items were not too easy 
(p > .80) and that items could discriminate 
effectively between different performance levels.

The first instrument (Content Test 1) was 
composed of 22 items. Twenty of the 22 test 
items were multiple choice and worth one point.  
There was one short answer question from a 
previous Massachusetts state assessment 
(MCAS) test worth a maximum of two points—
one point for partial credit. There was also one 
long answer question from a previous MCAS 
test worth a maximum of four points—partial 
credit was also given.  The scoring for both of 
these questions followed the rubric outlined by 
the state of MA. The test was designed to take 
no more than 45 minutes to complete—on 
average it took 30 minutes for our pilot 
participants.

The first instrument (Content Test 1) was 
composed of 22 items.  Twenty of the 22 test 
items were multiple choice and worth one point.  
There was one short  answer question from a 
previous Massachusetts state assessment 
(MCAS) test worth a maximum of two points—
one point for partial credit. There was also one 
long answer question from a previous MCAS 
test worth a maximum of four points—partial 
credit was also given.  The scoring for both of 
these questions followed the rubric outlined by 
the state of MA. The test was designed to take 
no more than 45 minutes to complete—on 
average it took 30 minutes for our pilot 
participants.

For the second instrument (Content Test 2), 
eighteen of the twenty-one test items were 
multiple choice and worth one point.  There 
were also two short answer questions from 
previous MCAS tests worth a maximum of two 
points each and one long answer question, also 
from a previous MCAS test, worth a maximum 
of four points. Once again, scoring for these 
items followed the rubric outlined by the state of 
MA.  As with Content Test 1, Test 2 was 
designed to take no more than 45 minutes to 
complete.  We recruited undergraduate math-

 

ematics students on a pre-service mathematics 
education preparation program to complete the 
test in order to set limits on how long the test 
should take.

The non-multiple choice questions were hand-
graded by three research assistants. To check for 
reliability, 11.7% of the tests were scored by all 
three scorers and compared.  The three scorers 
reached an inter-rater reliability of 92%.  The 
majority of discrepancies were due to the one 
long answer response item carrying a maximum 
score worth four points. Instructions for scoring 
this item were modified midcourse for greater 
clarity.

Rubio, Berg-Weger & Tebb (1999) recommend 
examining instruments for content validity using 
four criteria: (1) representativeness of the content 
domain, (2) clarity of the item, (3) factor structure, 
and (4) comprehensiveness of the measure. To 
meet this aim, our first content test was 
composed of the following content categories and 
focused on principled mathematical concepts and 
skills (NCTM, 2000): graphical interpretation (9 
i tems) , ra te and proport ion (5 i tems) , 
computational/procedural (1 item), and making 
connections across representations or multiple 
representations (7 items). The second test was 
composed of: multiple representations (8 items), 
graphical interpretation (6 items), rate and 
proportion (2 items), and computational/
procedural (5 items).  These content categories 
were used in our analyses since they were more 
representative of a set of general algebraic 
thinking skills.
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Item Content Origin
1 Interpretation of speed in terms of a Position v. Time Graph; Slope as rate Created at 

UMass Dartmouth
2 Patterns, relations, and algebra; Unit conversion; Calculation of d=r*t TAKS Grade 10, 

Spring 2003, #6
3 Interpretation of acceleration given a Position Graph Created at 

UMass Dartmouth
4 Interpretation of the graph: What does this function represent? TAKS Grade 10, 

Spring 2003, #1
5 Interpretation of the graph; Determine direction given a Position graph; Change 

of slope
Modified 

AP Calculus item
6 Patterns, relations, and algebra; Asked to identify the correct function that 

describes the graph given; Reading of an axis scale in which the scale of the x and 
y axes are different

Created at 
UMass Dartmouth

7 Interpretation of the graph; Graph of Speed v. Time--identify when speed is most 
rapidly decreasing; Qualitative portion of sack race - Slope as rate

MCAS Grade 8, 
2003, # 12

8 Patterns, relations, and algebra; Identifying a pattern; Pattern recognition and 
computation

MCAS Grade 8, 
Spring 2004, #37

9 Patterns, relations, and algebra; Development of algebraic equation to derive 
answer; Proportional reasoning; Determining rate from a word problem

MCAS Grade 8, 
Spring 2003, #37

10 Interpretation of the graph; Identifying slope from a graphical; representation/by 
using two points on a line

MCAS Grade 8, 
Spring 2003, #18

11 Interpretation of the graph; Asked to choose the graph that describes the given 
function; Identify and understand negative slope

MCAS Grade 8, 
Spring 2004, #14

12 Patterns, relations, and algebra; Understanding of Slope-intercept form; Solving a 
system of equations; Number sense; Properties of parallel and perpendicular lines

MCAS Grade 10, 
2005 Retest, #7

13 Patterns, relations, and algebra; Unit conversion; Ability to identify and interpret 
result; Interpreting a word problem into algebraic form; Solving an linear 
equation

MCAS Grade 10, 
2005 Retest, #15 

(Short Answer Item)
14 Patterns, relations, and algebra; Identifying the y-intercept from standard form MCAS Grade 10, 

March 2005 Retest, #25
15 Slope: when it is undefined; Understanding properties of parallelism MCAS Grade 10, 

March 2005 Retest, #36
16 Patterns, relations, and algebra; Unit conversion; Ability to deduce formulas for 

given graphs; Concept of constant rate
MCAS Grade 10, 

1998, #1
17 Statistics; Determine growth over an extended period of time based on graphed 

functions; Graphical analysis
MCAS Grade 10, 

1998, #22
18 Statistics and Probability; Scale change for the units on axis; Graphical analysis MCAS Grade 10, 

1999, #26
19 Patterns, relations, and algebra; Algebraic expression of real-life quantities; 

Interpreting rate; Solve a system of equations; Piecewise functions
MCAS Grade 10, 

2001, #41 
(Open Response Item)

20 Patterns, relations, and algebra; Algebraic expression of real-life quantities; 
Relating a table to a formula; Understanding first difference in a table as rate

MCAS Grade 8, 
Spring 2002, #23

21 Patterns, relations, and algebra; Interpretation of a graph: Which graph describes 
this algebraic relationship?; Understanding of constant rate; graphically and 
algebraically

MCAS Grade 10, 
Spring 2000, #8

22 Patterns, relations, and algebra; Interpretation of a graph: Which graph best 
describes the specified action?; Qualitative understanding of periodicity

Created at 
UMass Dartmouth

Table 1
Description and Origin of Test Items for Algebra 1 Content Test 1
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Table 2
Description and Origin of Test Items for Algebra 1 Content Test 2

Item Content Origin

1 Interpretation of a Graph: Identify correct algebraic expression that corresponds 
to graph given

TAKS, Grade 10, 
Spring 2003, #49

2 Development of an algebraic expression describing real life quantities TAKS, Grade 10, 
Spring 2003, #7

3 Patterns, Relations, and Algebra: Interpretation of a Graph; Development of an 
algebraic understanding of a verbal expression

MCAS, Grade 10, 
Spring 2002, #13

4 Patterns, Relations, and Algebra: Multiple part question – Open response; 
Understanding of real life quantities expressed algebraically

MCAS, Grade 10, 
Spring 2003, #17

5 Patterns, Relations, and Algebra: Recognizing a relationship between two 
algebraic equations to derive answer

MCAS, Grade 8, 
Spring 2003, #4

6 Patterns, Relations, and Algebra: Identify pattern in quadratic sequence to 
predict additional terms

MCAS, Grade 10, 
Spring 2004, #27

7 Patterns, Relations, and Algebra: Concept of average velocity given a position 
function

AP Calculus AB 1985, 
Section 1, #28

8 Patterns, Relations, and Algebra: Solve for unknown variable New York Regents High 
School Exam, 

August 12, 1999, #21

9 Geometry: Understanding of parallelism through algebraic expression MCAS, Grade 10, 
Spring 2004, #26

10 Patterns, Relations, and Functions/Algebra: Interpretation of a Graph; Given a 
quadratic function relating the area of a square to one of its sides

MCAS, Grade 8, 
Spring 2000, #27

11 Patterns, Relations, and Algebra: Asked to determine the lengths of the sides of 
a rectangle given its area and perimeter; System of equations: use one to solve 
another

MCAS, Grade 10, 
Spring 2003, #11

12 Patterns, Relations, and Algebra: System of equations; Comprehension of 
answer in graphical context

TAKS, Grade 10, 
Spring 2003, #47

13 Patterns, Relations, and Algebra: Interpretation of a Graph: Determine which 
function accurately describes the graph given

MCAS, Grade 10, 
Spring 2002,  #5

14 Geometry: Understanding parallelism expressed algebraically, with additional 
constraints

MCAS, Grade 10, 
Spring 2002, #39

15 Patterns, Relations, and Algebra: Determine whether two lines intersect given 
their functions and understand the process of calculation in order to derive 
answer

MCAS, Grade 10, 
Spring 2002, #27

16 Patterns, Relations, and Functions/Patterns and Functions: Interpretation of a 
Graph: Relationship between speed and position

MCAS, Grade 8, 
Spring 2000, #30

17 Patterns, Relations, and Algebra: Recognition of a pattern between two 
variables that can be expressed algebraically

MCAS, Grade 8, 
Spring 2003

18 Patterns, Relations, and Algebra: System of equations; Interpretation of a graph; 
Intersection of two functions

TAKS, Grade 10, 
Spring 2003, #36

19 Patterns, Relations, and Algebra: Transform a verbal expression into an 
algebraic one in order to develop a system of equations

TAKS, Grade 10, 
Spring 2003, #20

20 Patterns, Relations, and Algebra: Manipulation of a parabolic function and how 
that function will change graphically

TAKS, Grade 10, 
Spring 2003,  #22

21 Patterns, Relations, and Algebra: Determine y-intercept of function; Formal 
notation

TAKS, Grade 10, 
Spring 2003
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METHODS OF ANALYSIS

Table 3
Standard Inferential Statistics for Each Assessment

Assessment N IR Min. Max. MTS SD

Test 1 Pre 250 .784 1 23 10.28 4.778
Test 1 Post 230 0 24 12.32 5.207
Test 2 Pre 196 .748 0 24 9.33 4.725
Test 2 Post 199 1 24 10.81 5.319

IR = Internal Reliability; MTS = Mean Total Score; SD = Standard Deviation. The above is based on the Algebra 1 Pilot data  
(Study 1).

Table 4
Standard Inferential Statistics for Change Scores by Group

MCS = Mean Change Score; SD = Standard Deviation.  The above is based on the Algebra 1 Pilot data (Study 1).

Assessment N Min. Max. MCS SD

Test 1 Treatment Change Score 110 -7 9 1.67 3.561
Test 1 Comparison Change Score 116 -8 12 1.91 3.305
Test 2 Treatment Change Score 95 -7 12 0.91 3.492
Test 2 Comparison Change Score 93 -5 11 2.33 3.518

Standard Descriptive Statistics at the Whole Test Level
In addition to examining the whole test level, we looked at the item level to discern differences 

between groups on particular items.    The sample, described in Tables 5 and 6, is restricted: 
only students who took a pre-test and a post-test were included in the item level descriptive statistics 
(Test 1: Treatment n = 110, Comparison  n = 116; Test 2: Treatment n = 95, Comparison n = 93).

Standard inferential statistics were conducted for all test items.  Tables 3 and 4 report basic test 
statistics from our pilot study (US Department of Education, #R305B070430).    These statistics 
include both students who received SimCalc in their classroom (treatment) and the students who did 
not (comparison).  Both tests had a maximum of 26 possible points.
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Table 5
Descriptive Statistics on Each Individual Item for Test 1

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

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

   1   T .71 (.456) .89 (.313) -1 1 .18 (.473)
        C .72 (.449) .78 (.413) -1 1 .06 (.516)
   2   T .61 (.490) .66 (.475) -1 1 .05 (.603)
        C .65 (.480) .71 (.457) -1 1 .06 (.548)
   3   T .19 (.395) .21 (.409) -1 1 .02 (.507)
        C .18 (.387) .25 (.435) -1 1 .07 (.539)
   4   T .82 (.387) .81 (.395) -1 1 -.01 (.516)
        C .78 (.413) .82 (.387) -1 1 .04 (.492)
   5   T .52 (.502) .67 (.471) -1 1 .15 (.680)
        C .49 (.502) .56 (.498) -1 1 .07 (.539)
   6   T .52 (.502) .75 (.438) -1 1 .23 (.585)
        C .53 (.501) .67 (.471) -1 1 .14 (.558)
   7   T .88 (.324) .91 (.289) -1 1 .03 (.394)
        C .87 (.337) .79 (.407) -1 1 -.08 (.460)
   8   T .40 (.492) .47 (.502) -1 1 .07 (.520)
        C .43 (.497) .53 (.501) -1 1 .10 (.610)
   9   T .55 (.499) .61 (.490) -1 1 .06 (.661)
        C .66 (.477) .66 (.477) -1 1 .00 (.604)
   10 T .34 (.471) .54 (.501) -1 1 .20 (.538)
        C .41 (.493) .55 (.499) -1 1 .14 (.563)
   11 T .33 (.471) .42 (.496) -1 1 .09 (.567)
        C .36 (.483) .50 (.502) -1 1 .14 (.558)
   12 T .35 (.478) .49 (.502) -1 1 .14 (.661)
        C .40 (.491) .47 (.501) -1 1 .07 (.719)
   13 T .34 (.625) .38 (.620) -2 2 .04 (.531)
        C .45 (.738) .57 (.805) -2 2 .12 (.661)
   14 T .27 (.447) .39 (.490) -1 1 .12 (.602)
        C .28 (.453) .57 (.497) -1 1 .29 (.630)
   15 T .41 (.494) .44 (.498) -1 1 .03 (.582)
        C .43 (.497) .64 (.483) -1 1 .21 (.679)
   16 T .46 (.501) .44 (.498) -1 1 -.02 (.710)
        C .44 (.498) .45 (.499) -1 1 .01 (.666)
   17 T .34 (.475) .46 (.501) -1 1 .12 (.665)
        C .42 (.496) .45 (.499) -1 1 .03 (.597)
   18 T .38 (.488) .43 (.497) -1 1 .05 (.596)
        C .34 (.474) .36 (.483) -1 1 .02 (.519)
   19 T .65 (.933) .76 (1.013) -2 3 .11 (1.035)
        C .84 (1.004) .97 (1.190) -3 2 .13 (1.046)
   20 T .58 (.496) .56 (.498) -1 1 -.02 (.635)
        C .58 (.496) .59 (.495) -1 1 .01 (.582)
   21 T .28 (.452) .29 (.456) -1 1 .01 (.567)
        C .27 (444) .36 (.483) -1 1 .09 (.493)
   22 T .37 (.486) .39 (.490) -1 1 .02 (.649)
        C .28 (.449) .46 (.500) -1 1 .18 (.504)
T = Treatment; C = Comparison. All test items have a score of either 0 or 1 except for Item 13, which has a score of 0, 1, or 2, 
and Item 19, which has a score of 0, 1, 2, 3, or 4.
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Table 6
Descriptive Statistics on Each Individual Item for Test 2

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

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

   1   T .56 (.499) .66 (.475) -1 1 .11 (.610)
        C .76 (.427) .86 (.349) -1 1 .10 (.468)
   2   T .61 (.490) .65 (.479) -1 1 .04 (.524)
        C .66 (.478) .73 (.446) -1 1 .08 (.448)
   3   T .31 (.463) .45 (.500) -1 1 .15 (.564)
        C .46 (.501) .46 (.501) -1 1 .00 (.532)
   4   T .53 (.977) .48 (1.061) -3 4 -.04 (.966)
        C .99 (1.238) .92 (1.304) -2 3 -.06 (.854)
   5   T .60 (.492) .56 (.499) -1 1 -.04 (.683)
        C .71 (.456) .73 (.446) -1 1 .02 (.489)
   6   T .58 (.496) .58 (.496) -1 1 .00 (.636)
        C .70 (.461) .69 (.466) -1 1 .00 (.561)
   7   T .44 (.499) .34 (.475) -1 1 -.11 (.691)
        C .45 (.500) .42 (.496) -1 1 -.03 (.580)
   8   T .28 (.679) .62 (.853) -2 2 .34 (.846)
        C .77 (.922) .97 (.972) -2 2 .19 (.992)
   9   T .35 (.479) .38 (.488) -1 1 .03 (.627)
        C .47 (.502) .63 (.484) -1 1 .16 (.577)
   10 T .22 (.417) .34 (.475) -1 1 .12 (.523)
        C .27 (.446) .30 (.461) -1 1 .03 (.560)
   11 T .45 (.500) .53 (.502) -1 1 .07 (.656)
        C .52 (.502) .60 (.492) -1 1 .09 (.564)
   12 T .44 (.499) .47 (.502) -1 1 .03 (.706)
        C .49 (.503) .68 (.470) -1 1 .18 (.551)
   13 T .42 (.496) .33 (.471) -1 1 -.09 (.547)
        C .42 (.496) .49 (.503) -1 1 .08 (.556)
   14 T .24 (.431) .31 (.467) -1 1 .09 (.654)
        C .28 (.451) .39 (.490) -1 1 .11 (.650)
   15 T .24 (.431) .35 (.479) -1 1 .11 (.610)
        C .28 (.451) .54 (.501) -1 1 .26 (.588)
   16 T .59 (.495) .64 (.482) -1 1 .05 (.608)
        C .58 (.496) .70 (.461) -1 1 .12 (.605)
   17 T .51 (.682) .42 (.678) -2 2 -.08 (.781)
        C .56 (.699) .85 (.751) -2 2 .29 (.788)
   18 T .19 (.394) .20 (.402) -1 1 .01 (.574)
        C .23 (.420) .46 (.501) -1 1 .24 (.559)
   19 T .35 (.479) .37 (.485) -1 1 .02 (.699)
        C .31 (.466) .43 (.498) -1 1 .12 (.657)
   20 T .23 (.424) .25 (.437) -1 1 .02 (.385)
        C .18 (.389) .40 (.492) -1 1 .22 (.568)
   21 T .26 (.443) .35 (.479) -1 1 .08 (.595)
        C .31 (.466) .48 (.502) -1 1 .17 (.619)

T = Treatment; C = Comparison. All test items have a score of either 0 or 1 except for Item 4, which has a score of 0, 1, 2, 3 or 
4, Item 8, which has a score of 0, 1, or 2 and Item 17, which has a score of 0, 1, or 2.
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Odds Ratio
In analyzing dichotomous response data from 

educational research projects that utilize a 
(pseudo) case-control design, we have 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.  Table 7 highlights the results of the 
multiple-choice items on the pre- and post-test 
for the treatment and comparison groups.  Since 
we are analyzing dichotomous data, we 
calculated the odds ratio rather than parametric 
samples t-tests 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 2x2 contingency table can be 
set up for both groups, where the ratio of odds 
(OR) is AD/BC:

Table 7
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 8). 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 ORx100% 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 8
Modified Odds Ratio

Incorrect 
on Post

Correct on Post & 
Incorrect on Pre

  Treatment A B
  Comparison C D

Tables 9 and 10 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. 

From Table 9, we can see Items 1, 5, 6, 7, and 
17, are of significant benefit to the treatment 
group.  For Item #1, OR = .380 and SE = .467, so 
the estimated risk for treatment students on 
this item was 38% (OR x 100%) of the 
comparison with a 95% confidence interval of 
15.2% to 94.8%.  For Item #5, OR = .424 and SE 
= .352, so the estimated risk treatment students 
on this item is 42% of the comparison with a 
95% confidence interval of 21% to 84%.  

While there are two items—Item 14 and 15—
for which the estimated risk of not gaining is 
higher for the treatment than comparison, both 
of these items were very traditional and 
consistently repeated throughout chapters in 
mainstream textbooks pertaining to linear 
functions.  Items 1 and 5, for example, involve 
interpretation of a function in a graph, 
covariation, and thinking of slope as rate— all 
which are fundamental concepts to the 
mathematics of change and variation, which 
provide a basis for important calculus concepts.
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Table 9
Odds Ratio for Multiple Choice Items and Significance for Test 1

Item OR SE
CICI

p-value (C) p-value (T)Item OR SE Lower Upper p-value (C) p-value (T)
1 0.380 0.467 0.152 0.948 .981 .019*
2 0.994 0.384 0.468 2.109 .507 .493
3 1.400 0.371 0.677 2.894 .182 .818
4 1.143 0.479 0.447 2.921 .390 .610
5 0.424 0.352 0.213 0.844 .993 .007**
6 0.585 0.358 0.290 1.181 .933 .067†

7 0.333 0.606 0.102 1.092 .965 .035*
8 1.583 0.352 0.794 3.157 .096 .904
9 0.836 0.365 0.409 1.708 .688 .312
10 0.947 0.330 0.496 1.809 .566 .434
11 1.295 0.337 0.670 2.506 .221 .779
12 0.931 0.306 0.511 1.696 .593 .407
13 -- -- -- -- -- --
14 2.184 0.308 1.195 3.991 .006** .994
15 3.026 0.338 1.560 5.871 .001** .999
16 0.969 0.330 0.508 1.849 .538 .462
17 0.634 0.331 0.332 1.212 .916 .084†

18 0.658 0.366 0.321 1.347 .874 .126
19 -- -- -- -- -- --
20 0.952 0.373 0.458 1.979 .552 .448
21 1.171 0.363 0.575 2.386 .332 .668
22 1.196 0.331 0.625 2.289 .294 .706

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

On the second content test, we do not see a 
similar picture as with Test 1.  Instead Items 9, 
13, 15, 18, and 20 show significant benefit for the 
comparison group.   For Item #20, OR = 4.279 
and SE = 0.440, so the estimated risk for 
treatment students on this item was 427% (OR x 
100%) of the comparison with a 95% confidence 
interval of 180.5% to 1014.5%.  This is cause for 
concern as educators.  We are continuing to 
investigate this issue with the possibility that it 
may be attributed to un-equal group levels of 
students within each school (i.e., Honors and 
non-Honors classes were not matched within 
each school.  More of the treatment classes were 
non-Honors while more comparison classes 
were classified as Honors.)  Another possibility 
could relate to fidelity of implementation of the 
SimCalc materials.  During the second half of 
the intervention, during which Test 2 was 
measuring learning gains, teachers for all six 
treatment classes  reported using supplemental   

materials ranging from 6% of the time to 67% 
of the time—this did not occur in the first half of 
the intervention during which learning gains 
were measured by Test 1.

Open Response and Short Answer Items
For both tests, we used non-parametric 

significance tests for Open Response and Short 
Answer items. No significant differences were 
found except for three items on Test 2. For the 
long answer open response Item 4, the treatment 
group (Mean = .54) did differ significantly from 
the comparison group (Mean = .99) on the pre-
test, U = 3,275.500, p = .009.  For Item 8, the 
treatment group (Mean = .27) differed 
significantly from the comparison group (Mean 
= .77) on the pre-test, U = 2,886.000, p = .000.  
For Item 17, the treatment group (Mean = -.09) 
differed significantly from the comparison group 
(Mean = .31) on the change score, from pre-test 
to post-test, U = 2,919.500, p = .000.
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Table 10
Odds Ratio for Multiple Choice Items and Significance for Test 2

Item OR SE
CICI

p-value (C) p-value (T)Item OR SE Lower Upper p-value (C) p-value (T)
1 1.605 0.467 0.642 4.011 .156 .844
2 1.144 0.462 0.462 2.832 .386 .614
3 0.588 0.400 0.269 1.286 .908 .092†

4 -- -- -- -- -- --
5 1.008 0.444 0.422 2.407 .493 .507
6 1.016 0.428 0.439 2.353 .485 .515
7 0.907 0.402 0.413 1.994 .596 .404
8 -- -- -- -- -- --
9 2.082 0.372 1.005 4.313 .024* .976
10 0.816 0.383 0.386 1.728 .702 .298
11 0.963 0.379 0.458 2.023 .540 .460
12 1.600 0.367 0.779 3.288 .100 .900
13 2.451 0.439 1.037 5.791 .020* .980
14 1.105 0.337 0.571 2.139 .383 .617
15 1.943 0.339 0.999 3.779 .025* .975
16 1.396 0.398 0.640 3.048 .201 .799
17 -- -- -- -- -- --
18 2.660 0.362 1.307 5.413 .003** .997
19 1.226 0.340 0.630 2.389 .274 .726
20 4.279 0.440 1.805 10.145 .000*** 1.000
21 1.661 0.349 0.838 3.290 .073 .927

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

Content Analysis

Item 1 (see Figure 1) from Test 1 displays a 
three-piece linear function, where each piece has 
a different slope.  This question seeks to identify 
an understanding of s lope-as-rate—an 
important concept in Algebra 1 that helps form a 
base for Calculus and goes deeper into 
mathematical understanding of slope than the 
slope formula, or the popular “rise over run” 
adage does.  Both experimental groups scored 
similarly on this item on the pre-test but the 
treatment group had, on average, higher gains 
pre-to-post than the comparison group.  The 
Odds Ratio = .380 and the Standard Error = .467, 
so the estimated risk for treatment students on 
this item was 38% (OR  x  100%) of the 
comparison with a 95% confidence interval of 
15.2% to 94.8%.

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 .01 level, whereas the 
positive change in confidence from pre-to-post in 
the comparison group was not as significant, but 
was significant at the .05 level.  This is noted in 
Table 12.  The confidence change from pre-to-post 
did not, however, significantly differentiate the 
groups on this item.

Item 6 (see Figure 2) from Test 1 provides a 
graphical image of five linear functions with the 
same y-intercept but different slopes and 
identifies one linear function within the five.  
Students are asked to identify the function 
expression that corresponds to the linear function 
identified.  This item might seem to be very 
traditional at first, but complexity is added 
because students are not focusing on a single 
linear function in a graph space, but rather a 
family of linear functions in a graph space, each 
with something in common, the y-intercept, and 
each with something varying, the slope.  From 
the family of functions on the same graphical 
plane, students must focus their attention on one 
of the functions, which is marked.
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For Item 6, the Odds Ratio = 0.585 and the 
Standard Error = 0.358, so the estimated risk for 
treatment on this item was 58.5% (OR x 100%) of 
the comparison with a 95% confidence interval 
of 29.0% to 118.1%.

Not only did the treatment classes answer 
this item correctly more often on the post-test 
compared comparison students, but a Wilcoxon 
matched-pairs signed-ranks test of students’ 
reported confidence on this item significantly 
changed in a positive, more confident, direction 
for the treatment group; this was not the case for 
the comparison group.  This too is noted in Table 
12.  

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 

  Use the following graph to answer the questions.  Use the following graph to answer the questions.

  At what time interval is the object moving the fastest?  At what time interval is the object moving the fastest?

A. 0 to 3 seconds

B. 3 to 5 seconds

C. 5 to 7 seconds

D. Not enough information is provided to determine the answer.

Figure 1. Test 1, Item 1.

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, 2005) on 
both the pre-test and the post-test:

R = 1 – |(t – c)|
where  t = total test score/total possible points 
on the 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.

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
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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 greatly, 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 exists in the short 
answer  and open response questions in which 
students were 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 on each test also 
had a low response rate for confidence.  This 
could potentially be due to students not 
completing the test.  Tables 11 and 12 display the 
valid and missing data for the short answer and 
open response items on each content test.

The position graph below shows a race that took place among five people.  Be careful regarding 
the scale on the vertical axis.
The position graph below shows a race that took place among five people.  Be careful regarding 
the scale on the vertical axis.

  What is the position formula for A?  What is the position formula for A?
A. Y=X+20
B. Y=3X+2
C. Y=20X 
D. Y=3X

Figure 2. Test 1, Item 6.

Q13 Confidence Q13 Confidence Q19 ConfidenceQ19 Confidence

Pre Post  Pre Post
 N  Valid 201 202 172 196 N

 Missing 25 24 54 30

Table 11
Short Answer and Open Response Valid and Missing 
Cases for Test 1

At the group level, where series mean values 
were imputed to compute a pre-average 
confidence and a post-average confidence in 
order to compute an average change in 
confidence, and in reality, we see a positive 
change in confidence for both the treatment and 
comparison groups on both content tests.  Using 
average  confidence and as well as average score 
on the pre- and post-test, a reality statistic was 
computed.  The average change in reality for both 
the treatment and comparison groups is slightly 
negative on the first test, however reality is 
slightly positive for the comparison group and is 
zero for the treatment group on the second test. 
Descriptive statistics are shown in Tables 13 and 
14 (Test 1: Treatment n = 110, Comparison n = 116; 
Test 2: Treatment n = 89, Comparison n = 91).
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Table 12
Short Answer and Open Response Valid and Missing Cases for Test 2

Q4 Confidence Q4 Confidence Q8 Confidence Q8 Confidence Q17 ConfidenceQ17 Confidence

Pre Post Pre Post  Pre Post
 N  Valid 155 160 168 171 145 158 N

 Missing 33 28 20 17 43 30

Table 13
Standard Descriptive Statistics for Confidence and Reality Measures for Test 1

Min Max M SD
Treatment Pre Average Confidence 1.96 7.00 4.28 1.071Treatment

Post Average Confidence 1.00 7.00 4.84 1.168
Treatment

Change in Confidence -1.55 3.23 .56 .746

Treatment

Pre Reality Statistic .42 1.00 .81 .132

Treatment

Post Reality Statistic .42 1.00 .79 .154

Treatment

Change in Reality -.51 .28 -.02 .157
Comparison Pre Average Confidence 1.73 6.73 4.50 1.001Comparison

Post Average Confidence 1.00 6.82 4.90 1.170
Comparison

Change in Confidence -1.86 2.55 .40 .782

Comparison

Pre Reality Statistic .31 1.00 .81 .140

Comparison

Post Reality Statistic .31 .99 .80 .144

Comparison

Change in Reality -.50 .37 -.01 .148
M = mean; SD= standard deviation.

Table 14
Standard Descriptive Statistics for Confidence and Reality Measures for Test 2

Min Max M SD

Treatment Pre Average Confidence 1.00 6.62 3.85 1.216Treatment
Post Average Confidence 1.00 7.00 4.05 1.200

Treatment

Change in Confidence -3.00 2.79 .20 .940

Treatment

Pre Reality Statistic .42 1.00 .80 .139

Treatment

Post Reality Statistic .27 1.00 0.81 .160

Treatment

Change in Reality -.33 .38 0.01 .146
Comparison Pre Average Confidence 1.00 7.00 4.46 1.034Comparison

Post Average Confidence 1.43 7.00 4.75 1.190
Comparison

Change in Confidence -2.18 3.39 0.29 .797

Comparison

Pre Reality Statistic .23 .99 .80 .146

Comparison

Post Reality Statistic .35 1.00 .82 .140

Comparison

Change in Reality -.41 .37 .03 .144
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 
following  descriptives (see Tables 15 and 16), 
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 1 on 
Test 1 (in Table 15) indicates a significant change 
pre-to-post for the treatment group (p < .01) and 
for the comparison group (p < .05).  To test for 
significant change in confidence between groups, 
the Mann-Whitney Independent Samples U Test 
was used.  In the Change in Confidence 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.  

Reality Measures
The item level reality descriptive statistics do 

not have imputed values, and are based on the 
previous confidence data reported in the 
previous tables.  Each student’s response was 
included at the item level if a response existed.  
At the item level, the test score was computed 
using the average for that particular item

within each group. Two average scores per item 
were computed—one average for the comparison 
group and one average for the treatment group.  
Student confidence scores on each item within 
their experimental group were then used to 
calculate an item level reality distribution (see 
Tables 17 and 18).  

We used the Wilcoxon matched-pairs signed-
ranks test to test 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 1 on Test 1 (in Table 17) 
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 the experimental groups, the 
Mann-Whitney Independent  Samples U Test 
was used.  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.



 

“Democratizing Access for A! Students to Powerful Mathematical Ideas” Page 15

 Kaput Center for 
Research and Innovation in STEM Education

Table 15
Descriptive Statistics of Confidence for Each Individual Item on Test 1

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 109 108 5.61 (1.655) 6.05** (1.525) -1.123 (.231) -1.772 (.233) 108 -6 6 .44 (1.752)
    C   116 115 5.46 (1.701) 5.87* (1.536) -.852 (.225) -1.210 (.226) 115 -3 6 .43 (1.568)
2  T 109 108 5.10 (1.976) 5.32 (1.879) -.700 (.231) -.879 (.233) 108 -6 5 .24 (2.064)
    C 115 113 5.30 (1.860) 5.35 (1.787) -.855 (.226) -.698 (.227) 112 -6 6 .00 (1.943)
3  T 109 108 4.40 (1.866) 4.81* (1.705) -.294 (.231) -.394 (.233) 108 -5 6 .41* (1.909)
    C 116 113 4.41 (1.715) 4.38 (1.671) -.161 (.225) -.086 (.227) 113 -5 5 -.08 (1.933)
4  T 109 108 5.59 (1.396) 5.38 (1.662) -1.036 (.231) -.987 (.233) 108 -6 3 -.20 (1.525)
    C 114 114 5.73 (1.339) 5.65 (1.395) -.974 (.226) -.861 (.226) 112 -4 4 -.06 (1.484)
5  T 109 108 5.39 (1.622) 5.75* (1.529) -.743 (.231) -1.421 (.233) 108 -6 6 .36* (1.887)
    C 114 114 5.65 (1.463) 5.56 (1.546) -1.111 (.226) -.914 (.226) 112 -4 4 -.05 (1.469)
6  T 107 107 3.09 (2.028) 4.79*** (1.860) .535 (.234) -.499 (.234) 105 -6 6 1.70*** (2.184)
    C 114 114 3.28 (2.063) 3.57 (2.137) .538 (.226) .267 (.226) 112 -5 6 .28 (1.918)
7  T 108 108 5.70 (1.442) 5.76 (1.491) -1.008 (.233) -1.164 (.233) 107 -3 6 .05 (1.426)
    C 115 115 5.95 (1.375) 5.77 (1.602) -1.407 (.226) -1.392 (.226) 114 -4 4 -.15 (1.495)
8  T 107 106 3.66 (2.123) 4.40** (2.185) .199 (.234) -.231 (.235) 106 -6 6 .74† (2.290)
    C 114 112 4.02 (2.018) 4.14 (2.105) .101 (.226) -.056 (.228) 111 -6 6 .10 (2.419)
9  T 106 107 4.75 (1.957) 4.93 (1.882) -.552 (.235) -.686 (.234) 104 -6 6 .17 (1.923)
    C 114 111 4.87 (1.962) 4.72 (1.962) -.607 (.226) -.482 (.229) 110 -5 6 -.25 (1.992)
10 T 107 103 4.15 (2.041) 4.72* (1.972) .073 (.236) -.521 (.238) 101 -4 6 .51 (2.048)
     C 113 108 4.42 (1.959) 5.36*** (1.852) -.157 (.227) -1.004 (.233) 106 -5 6 .95 (2.140)
11 T 105 104 3.81 (2.104) 4.85*** (2.075) .073 (.236) -.548 (.237) 101 -4 6 1.10 (1.967)
     C 113 113 4.21 (2.042) 5.10*** (1.932) -.018 (.227) -.708 (.227) 111 -6 6 .90 (2.232)
12 T 104 105 3.08 (1.842) 3.65* (2.024) .484 (.237) .061 (.236) 101 -5 6 .55 (2.300)
     C 113 111 3.30 (1.593) 4.41*** (1.923) .223 (.228) -.228 (.229) 108 -3 6 1.05 (2.111)
13 T 98 101 4.28 (2.247) 4.61† (1.887) -.252 (.244) -.390 (.240) 92 -4 6 .34 (1.793)
     C 112 101 4.28 (2.153) 4.72* (2.093) -.319 (.238) -.631 (.240) 91 -4 6 .57 (2.056)
14 T 106 105 3.45 (1.883) 4.31*** (2.011) .280 (.235) -.370 (.236) 103 -4 6 .80 (2.045)
     C 103 112 3.40 (1.852) 5.42*** (1.878) .387 (.231) -.945 (.240) 107 -6 6 1.96*** (2.595)
15 T 106 106 3.69 (1.859) 4.31** (1.801) .186 (.235) -.180 (.235) 104 -6 6 .64 (2.122)
     C 109 112 4.08 (1.748) 5.14*** (1.820) .102 (.229) -.672 (.228) 109 -6 6 1.04 (2.156)
16 T 105 104 4.76 (1.816) 5.37** (1.807) -.315 (.236) -.891 (.237) 101 -6 6 .69 (2.092)
     C 110 109 4.60 (2.099) 4.89† (1.931) -.364 (.230) -.423 (.231) 104 -5 5 .38 (2.016)
17 T 103 104 4.73 (1.733) 5.13* (1.699) -.676 (.238) -.562 (.237) 99 -4 6 .36 (1.741)
     C 111 112 5.03 (1.558) 5.08 (1.761) -.692 (.229) -.719 (.228) 108 -6 6 .05 (1.748)
18 T 102 102 4.80 (1.909) 4.95 (1.631) -.619 (.239) -.562 (.239) 97 -4 6 .11 (1.779)
     C 109 111 5.08 (1.599) 5.17 (1.531) -.774 (.231) -.712 (.229) 105 -4 6 .10 (1.934)
19 T 91 99 3.02 (1.983) 4.40*** (2.040) .493 (.253) -.403 (.243) 83 -3 6 1.27 (1.855)
     C 81 97 3.06 (1.846) 4.05*** (1.846) .494 (.267) -.049 (.245) 73 -5 6 .99 (2.0378)
20 T 97 99 4.80 (2.144) 5.35** (1.848) -.608 (.245) -.882 (.243) 91 -4 6 .65† (2.046)
     C 95 102 5.51 (1.798) 5.36 (1.758) -1.098 (.247) -.909 (.239) 87 -6 6 .03 (2.049)
21 T 95 99 2.80 (1.673) 3.56* (1.858) .616 (.247) .286 (.243) 90 -4 6 .66 (2.163)
     C 94 102 3.34 (1.847) 3.86** (1.830) .427 (.249) .029 (.239) 88 -5 6 .59 (1.975)
22 T 92 98 3.58 (1.787) 4.05 (1.918) .121 (.251) -.047 (.244) 87 -4 6 .39 (2.019)
     C 93 103 4.01 (1.772) 4.27* (1.859) .053 (.250) -.220 (.238) 89 -6 5 .46 (1.954)

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; 
SE Skewness = Standard Error of Skewness; n ∆= n value for change in confidence; ∆ Conf. = change in confidence; ∆ 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 Confidence for Each Individual Item on Content Test 2

nn M (SD)M (SD) SE SkewnessSE Skewness ∆ Conf.∆ Conf.
Item Pre Post Pre Post Pre Post n ∆ Min Max ∆ Conf. M 

(SD)
1   T 94 95 4.49 (2.114) 4.98* (2.078) -.278 (.249) -.683 (.247) 94 -5 6 .53 (2.014)
     C 92 92 5.22 (2.015) 5.74** (1.863) -.832 (.251) -1.361 (.251) 91 -5 5 .51 (1.649)
2   T 93 94 4.74 (1.781) 4.98 (1.796) -.508 (.250) -.650 (.249) 92 -4 4 .24 (1.448)
     C 91 91 5.49 (1.741) 5.64 (1.502) -1.160 (.253) -1.025 (.253) 90 -3 5 .17 (1.274)
3   T 92 92 4.57 (1.646) 4.62 (1.892) -.314 (.251) -.329 (.251) 89 -4 3 .08 (1.494)
     C 90 91 4.99 (1.666) 5.15 (1.659) -.743 (.254) -.683 (.253) 89 -3 5 .22 (1.579)
4   T 85 81 3.65 (1.974) 3.98 (2.019) -.044 (.261) .025 (.267) 77 -5 6 .25 (2.171)
     C 70 79 3.80 (2.103) 4.04 (2.060) -.026 (.287) -.007 (.271) 64 -5 6 .19 (2.174)
5   T 92 91 4.02 (1.816) 4.09 (2.064) -.078 (.251) -.051 (.253) 88 -5 5 .09 (1.957)
     C 91 92 4.63 (1.907) 4.83 (2.089) -.341 (.253) -.473 (.251) 90 -3 6 .21 (2.047)
6   T 93 93 4.59 (2.288) 4.63 (2.105) -.384 (.250) -.417 (.250) 91 -6 6 .05 (2.321)
     C 90 90 5.19 (2.087) 5.06 (2.285) -.947 (.254) -.763 (.254) 87 -6 6 -.18 (2.223)
7   T 91 92 2.71 (1.870) 2.74 (1.753) .709 (.253) .753 (.251) 89 -6 6 .03 (2.197)
     C 88 87 2.58 (1.610) 2.61 (1.761) .801 (.257) .906 (.258) 85 -4 6 .00 (1.697)
8   T 86 87 3.10 (2.115) 4.25** (2.136) .509 (.260) -.228 (.258) 78 -4 6 1.09† (2.544)
     C 82 84 4.82 (2.115) 5.36 (1.860) -.765 (.266) -1.069 (.263) 79 -4 6 .47 (1.940)
9   T 91 91 3.25 (1.865) 3.44 (1.827) .368 (.253) .272 (.253) 87 -6 5 .14 (1.989)
     C 87 91 4.17 (2.125) 4.60* (2.097) -.038 (.258) -.301 (.253) 85 -5 6 .60 (2.326)
10 T 92 91 3.38 (1.803) 3.47 (1.682) .308 (.251) .163 (.253) 88 -4 5 .06 (1.738)
     C 87 90 3.78 (1.794 4.09 (1.834) .102 (.258) -.246 (.254) 85 -5 6 .29 (1.844)
11 T 91 91 4.38 (2.032) 4.45 (1.934) -.183 (.253) -.239 (.253) 87 -6 6 -.02 (2.080)
     C 84 90 5.35 (1.780) 5.12† (1.965) -.776 (.263) -.701 (.254) 82 -5 5 -.22 (1.579)
12 T 91 88 4.07 (2.102) 4.19 (2.078) -.133 (.253) -.146 (.257) 85 -6 6 .05 (2.385)
     C 84 90 4.83 (2.070) 5.42† (1.848) -.732 (.263) -.917 (.254) 81 -4 6 .53 (2.319)
13 T 91 91 3.86 (1.986) 3.91 (1.774) .089 (.253) .002 (.253) 88 -5 5 -.01 (1.771)
     C 81 89 4.27 (2.056) 4.63 (1.939) -.075 (.267) -.329 (.255) 78 -5 6 .41 (2.116)
14 T 88 88 3.35 (1.845) 3.47 (1.800) .454 (.257) .250 (.257) 84 -4 6 .25 (1.932)
     C 76 89 4.11 (1.866) 4.71* (1.944) .033 (.276) -.260 (.255) 74 -5 6 .53 (2.172)
15 T 84 86 3.93 (1.958) 3.86 (1.941) -.119 (.257) .221 (.260) 83 -6 6 .02 (2.130)
     C 74 86 4.57 (1.776) 4.99 (1.955) -.356 (.279) -.563 (.260) 72 -4 6 .32 (2.034)
16 T 86 86 4.84 (1.954) 4.88 (1.824) -.472 (.260) -.526 (.260) 81 -6 6 -.10 (1.758)
     C 73 89 5.36 (1.790) 5.47 (1.726) -.990 (.281) -1.077 (.255) 72 -6 6 -.01 (1.570)
17 T 80 75 4.16 (2.421) 4.56 (2.201) -.146 (.269) -.333 (.277) 71 -6 6 .24 (2.187)
     C 65 83 5.23 (2.120) 5.39 (2.005) -.933 (.297) -1.126 (.264) 61 -5 4 .08 (1.735)
18 T 85 88 3.19 (1.924) 3.25 (1.865) .383 (.261) .464 (.257) 82 -4 4 .06 (1.787)
     C 67 86 3.85 (1.909) 4.41 (1.961) -.009 (.293) -.294 (.260) 64 -5 6 .38 (2.271)
19 T 83 87 3.52 (1.896) 3.60 (1.681) .263 (.264) .225 (.258) 81 -6 4 .16 (2.199)
     C 67 85 3.70 (1.818) 4.33* (1.978) .086 (.293) -.142 (.261) 65 -4 6 .52 (1.821)
20 T 83 85 3.22 (1.907) 3.44† (1.796) .417 (.264) .266 (.261) 79 -5 4 .35† (1.881)
     C 67 85 3.58 (1.785) 3.31 (1.964) .018 (.293) .467 (.261) 64 -6 5 -.14 (1.959)
21 T 82 87 3.79 (1.897) 4.20* (2.005) .072 (.266) .000 (.258) 79 -4 6 .43 (1.781)
     C 67 84 4.66 (2.056) 4.94 (2.044) -.393 (.293) -.698 (.263) 65 -6 6 .20 (2.438)

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; 
SE Skewness = Standard Error of Skewness; n ∆= n value for change in confidence; ∆ Conf. = change in confidence; ∆ Conf. M = change in 
Confidence Mean; T = Treatment; C = Comparison;  * p < .05, ** p < .01, *** p < .001, † p < .1
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Table 17
Descriptive Statistics of Reality for Each Individual Item on Test 1

n = n value for reality; M = mean score; n ∆= n value for change in reality; ∆ R = change in reality; ∆ M = mean change in reality; T = 
Treatment; C = Comparison;  * p < .05, ** p < .01, *** p < .001, † p < .1

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

1   T 109 108 .70 (.329) .84*** (.254) 108 -1.00 1.00 .14 (.369)
     C 116 115 .72 (.230) .79* (.282) 115 -.67 1.00 .07 (.290)
2   T 109 108 .63 (.355) .71* (.317) 108 -1.00 1.00 .09 (.345)
     C 115 113 .67(.338) .64 (.346) 112 -1.00 .83 -.03 (.331)
3   T 109 108 .48 (.317) .40* (.297) 108 -1.00 .83 -.08 (.344)
     C 116 113 .47 (.292) .42 (.275) 113 -1.00 1.00 -.04 (.368)
4   T 109 108 .70 (.292) .74 (.272) 108 -1.00 1.00 .04 (.354)
     C 114 114 .69 (.314) .75* (.255) 112 -1.00 1.00 .07 (.322)
5   T 109 108 .56 (.352) .62 (.371) 108 -1.00 1.00 .06 (.509)
     C 114 114 .49 (.368) .56* (.363) 112 -1.00 1.00 .06 (.368)
6   T 107 107 .63 (.346) .67 (.290) 105 -1.00 1.00 .05 (.431)
     C 114 114 .65 (.333) .60 (.348) 112 -1.00 1.00 -.05 (.416)
7   T 108 108 .77 (.251) .77 (.269) 107 -1.00 1.00 .00 (.305)
     C 115 115 .78 (.284) .80 (.257) 114 -1.00 1.00 .03 (.297)
8   T 107 106 .64 (.330) .67 (.330) 106 -1.00 1.00 .03 (.402)
     C 114 112 .66 (.298) .66 (.312) 111 -1.00 1.00 .01 (.402)
9   T 106 107 .65 (.317) .60 (.334) 104 -1.00 1.00 -.04 (.378) 
     C 114 111 .68 (.309) .67 (.304) 110 -1.00 1.00 -.03 (.378)
10 T 107 103 ..56 (.335) .66† (.312) 101 -1.00 1.00 .09 (.420)
     C 113 108 .62 (.310) .70 (.329) 106 -1.00 1.00 .05 (.398)
11 T 105 104 .66 (.315) . 58† (.364) 101 -1.00 1.00 .08 (.459)
     C 113 113 .63 (.318) .66  (.334) 111 -1.00 1.00 .03 (.433)
12 T 104 105 .61 (.326) .49* (.342) 101 -1.00 1.00 -.11 (.474)
     C 112 111 .55 (.286) .59 (.314) 108 -1.00 1.00 .05 (.460)
13 T 98 101 .60 (.332) .54 (.292) 92 -1.00 .67 -.05 (.342) 
     C 103 101 .64 (.310) .60 (.305) 91 -1.00 .50 -.05 (.360)
14 T 105 105 .58 (.330) .58 (.330) 103 -1.00 1.00 .02 (.409)
     C 109 112 .51 (.342) .68*** (.349) 107 -1.00 1.00 .17 (.424)
15 T 106 106 .55 (.312) .54 (.302) 104 -1.00 1.00 .00 (.395)
     C 111 112 .49 (.292) .64**(.329) 109 -1.00 1.00 .16 (.476)
16 T 105 104 .60 (.313) .53 (.378) 101 -1.00 1.00 -.07 (.493)
     C 110 109 .55 (.360) .55 (.351) 104 -1.00 1.00 -.01 (.501)
17 T 103 104 .49 (.313) .52 (.304) 99 -1.00 1.00 .03 (.413)
     C 111 112 .57 (.304) .58 (.336) 108 -1.00 1.00 .02 (.371)
18 T 102 102 .54 (.343) .50 (.315) 97 -1.00 .83 -.03 (.410)
     C 109 111 .49 (.322) .45 (.318) 105 -1.00 1.00 -.04 (.402)
19 T 91 99 .70 (.280) .57** (.306) 83 -1.00 .58 -.12 (.327)
     C 81 97 .79 (.208) .68** (.254) 73 -.67 .58 -.07 (.279)
20 T 97 99 .70 (.327) .63 (.359) 91 -1.00 1.00 -.05 (.477)
     C 95 102 .75 (.300) .67 (.334) 87 -1.00 1.00 -.08 (.412)
21 T 95 99 .63 (.317) .58 (.309) 90 -1.00 1.00 -.07 (.436)
     C 94 102 .58 (.317) .58 (.295) 88 -1.00 .83 -.01 (.399)
22 T 92 98 .56 (.299) .62 (.294) 87 -1.00 1.00 .06 (.421)
     C 93 103 .61 (.274) .60 (.274) 89 -1.00 1.00 -.03 (.366)
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Table 18
Descriptive Statistics of Reality for Each Individual Item on Test 2

n = n value for reality; M = mean score; n ∆= n value for change in reality; ∆ R = change in reality; ∆ M = mean change in reality; T = 
Treatment; C = Comparison;  * p < .05, ** p < .01, *** p < .001, † p < .1

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

1   T 88 89 .74 (.277) .72 (.315) 88 -1.00 1.00 -.02 (.385)
     C 90 90 .72 (.321) .85*** (.245) 89 -1.00 1.00 .13** (.331)
2   T 88 88 .69 (.258) .64 (.313) 87 -1.00 1.00 -.06 (.358)
     C 89 89 .73 (.301) .75 (.274) 88 -1.00 1.00 .02 (.267)
3   T 87 86 .46 (.290) .49 (.336) 84 -.83 .83 .02 (.305)
     C 88 89 .52 (.326) .51 (.337) 87 -.83 1.00 -.02 (.381)
4   T 80 78 .64 (.297) .61 (.324) 74 -1.00 .83 -.01 (.362)
     C 68 78 .72 (.276) .69 (.262) 63 -1.00 .83 -.05 (.312)
5   T 86 86 .59 (.291) .63 (.317) 83 -1.00 1.00 .06 (.422)
     C 89 90 .64 (.302) .67 (.331) 88 -1.00 1.00 .04 (.411)
6   T 87 87 .70 (.325) .68 (.315) 85 -1.00 1.00 -.03 (.421)
     C 88 88 .72 (.330) .77 (.314) 85 -1.00 1.00 .04 (.416)
7   T 86 86 .53 (.373) .57 (.353) 84 -1.00 1.00 .04 (.502)
     C 86 85 .54 (.356) .55 (.370) 83 -1.00 1.00 .02 (.425)
8   T 81 81 .72 (.315) .66 (.312) 73 -1.00 1.00 -.05 (.377)
     C 81 83 .71 (.308) .72 (.310) 78 -1.00 1.00 .02 (.403)
9   T 86 85 .58 (.329) .56 (.312) 82 -1.00 1.00 -.03 (.422)
     C 86 89 .64 (.328) .65 (.328) 84 -1.00 1.00 .01 (.404)
10 T 87 85 .56 (.314) .51 (.288) 83 -1.00 .67 -.05 (.355)
     C 86 88 .55 (.296) .52 (.304) 84 -1.00 1.00 -.04 (.446)
11 T 86 85 .55 (.340) .56 (.329) 82 -1.00 1.00 -.01 (.434)
     C 83 88 .63 (.348) .60 (.363) 81 -1.00 1.00 -.03 (.425)
12 T 86 82 .69 (.303) .63 (.322) 80 -1.00 1.00 -.04 (.425)
     C 83 88 .59 (.360) .74** (.303) 80 -1.00 1.00 .16* (.472)
13 T 85 85 .59 (.323) .65 (.244) 82 -.83 1.00 .06† (.389)
     C 80 87 .65 (.307) .60 (.210) 77 -.67 .83 -.04 (.385)
14 T 83 82 .56 (.320) .53 (.312) 79 -1.00 1.00 -.01 (.419)
     C 75 87 .58 (.298) .67 (.333) 73 -1.00 1.00 -.01 (.432)
15 T 84 80 .56 (.319) .56 (.321) 79 -1.00 .83 -.02 (.443)
     C 73 84 .54 (.304) .61 (.343) 71 -1.00 1.00 .04 (.428)
16 T 82 80 .67 (.311) .66 (.295) 77 -1.00 1.00 -.01 (.402)
     C 72 87 .72 (.299) .73 (.295) 71 -1.00 .83 -.02 (.327)
17 T 76 72 .66 (.311) .61 (.310) 68 -.83 1.00 -.04 (.387)
     C 64 82 .66 (.292) .64 (.297) 60 -.83 .83 -.03 (.343)
18 T 81 82 .52 (.351) .60 (.321) 78 -1.00 1.00 .09 (.451)
     C 66 84 .60 (.303) .58 (.319) 63 -1.00 .67 -.05 (.386)
19 T 79 81 .55 (.326) .65* (.259) 77 -.83 1.00 .10 (.393)
     C 66 83 .52 (.309) .53 (.284) 64 -.75 1.00 .04 (.373)
20 T 79 79 .61 (.326) .61 (.291) 75 -.67 1.00 -.02 (.349)
     C 66 83 .57 (.297) .57 (.340) 63 -1.00 1.00 .05 (.401)
21 T 78 81 .57 (.305) .54 (.332) 75 -1.00 1.00 -.06 (.400)
     C 66 82 .58 (.351) .69† (.317) 64 -1.00 1.00 .08* (.423)
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Confidence Item Story
Referring back to Item 6 on Test 1 (as 

previously detailed), we not only see higher 
learning gains for the treatment group compared 
with the comparison 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 below 
neutral on the Likert scale, indicating a lack of 
confidence on this item.  On the post-test, 
however, the treatment students gain in average 
confidence moving toward the opposite side of 
neutral indicating a positive confidence on this 
item.  While an average confidence score of 4.79 
on a scale of 1 to 7 might not seem like a big 
change, this average confidence change did not 
occur for the comparison group on this 
particular item. 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 TESTS

CONTENT TEST 1

Instructions:  The test is composed 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

Use the following graph to answer the questions.

Page 21

At what time interval is the object moving the fastest?

A. 0 to 3 seconds

B. 3 to 5 seconds

C. 5 to 7 seconds

D. Not enough information is provided to determine the answer

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 answering this question correctly.
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Item #2a

The Worlds fastest flying insect is the dragonfly.  It can fly 36 miles per hour.  If a dragonfly flew in a straight path 
at this rate, what distance would it fly in 15 minutes?

A. 2 miles                        B.  9 miles                        C. 25 miles                        D. 540 miles        

Page 22

Item #3a

A car’s speed from a standing start accelerates at the rate of 5 ft/sec for each second over a 20-second interval.

Circle the graph that represents the car’s distance traveled over this 20-second interval.

A.       B.

C.       D.   

       None of these represent the car’s distance.

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 answering 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 answering this question correctly.
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Item #4a

The sales record for a recent hit CD at Tony’s Music Store is shown on the graph below.

Number of 
Sales

Time (weeks)

Which statement best describes the sales of this CD?

A. Sales rapidly increased, reached a peak and then 
gradually decreased.

B. Sales gradually increased, reached a peak, and 
then leveled off.

C. Sales rapidly increased, reached a peak, and then 
rapidly decreased.

D. Sales remained constant throughout the time 
period.

Item #5a

From the ground, an Ant crawls along a flower stem.  The graph below displays its height on the flower 
(above the ground) for 7 seconds.

At what time does the ant change direction on the flower 
stem?

A. 2 seconds

B. 4 seconds

C. 6 seconds

D. 2 and 4 seconds

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 answering 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 answering this question correctly.
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Item #6a

The position graph below shows a race that took place among five people.  Be careful regarding the 
scale on the vertical axis.

What is the position formula 
for A?

A. Y=X+20

B. Y=3X+2

C. Y=20X

D. Y=3X

Item #7a

The graph below shows Carlos’ speed on his trip to school.  Based on the graph, when is Carlos’ speed 
decreasing most rapidly?  Circle the letter of the correct answer. 

A. For times between B and C

B. For time between D and E

C. For times between E and F

D. For times between H and I

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 answering 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 answering this question correctly.
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The table below shows a pattern of the total number of circles formed at each step.

Item #9a

Guenther drove 260 miles in 5 hours.  He has 494 more miles to drive on his trip.  If he continues at this 
same average rate of speed, what will his driving time be for the remainder of his trip?  Circle the letter 
of the correct answer.

A. 7.6 hours

B. 9.5 hours

C. 13 hours

D. 14.5 hours

      Step 1                      Step 2                     Step 3

Item #8a

An artist creates a design by drawing circles in 
steps, as shown.

Step 1 2 3 4 5

Total Number of Circles 4 13

If the pattern shown in the table continues, what will be the total number of circles formed at Step 5?  
Circle the letter of the correct answer.
                          
                                         A. 52                    B. 117                    C. 121                     D. 283

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 answering this question correctly.

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 answering this question correctly.
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Item #10a

Use the graph below to answer Question 10.

Which statement best describes the slope of the lines 
graphed?  Circle the letter of the correct answer.

A. The slope is –6

B. The slope is –2/3

C. The slope is 3.2

D. The slope is 4

Item #11a

Which graph below best represents   y = −3x + 4 ?   Circle the letter of the correct answer. 

A.       B.

C.       D.   

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 answering this question correctly.

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 answering this question correctly.
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Item #12a

Two linear equations are given below.

  

2x − 3y = 12
−4x + 6y = 6

Which of the following statements about the equations is true?

A. They represent the same line.

B. They represent lines with negative slopes.

C. They represent parallel lines.

D. They represent perpendicular lines.

Item #13a

The following is a short answer question. Roberta’s long-distance calling plan costs a fixed fee of $5 per 
month, plus 7 cents per minute.  Roberta has just $19 per month to spend on long-distance calls.  What 
is the maximum number of minutes that Roberta can use on long-distance calls each month without 
exceeding her budget?  Please show all work.

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 answering 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 answering this question correctly.
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Item #14a

What is the y-intercept of the line represented by the equation below?

  4x − 3y = 12

A. –12

B. –4

C. 4

D. 12

Item #15a

Which of the following best describes the slope of a line on the coordinate plane that is parallel to the y-
axis?

A. Zero

B. Positive

C. Negative

D. Undefined

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 answering 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 answering this question correctly.
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Item #16a

The graph shows two savings plans.  If the same savings rates are continued, what will be the 
difference in the amount saved at the end of two years?

A. $600

B. $1,200

C. $2,400

D. $3,600

Item #17a

Based on the graph, which organization showed the most growth in membership over the 10-year 
period?

A. The Math Club

B. The Hiking Club

C. The Drama Club

D. The Drama Club and the Hiking Club are tied for 
the most growth

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 answering 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 answering this question correctly.
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A. Paul did better.

B. Terrell did better.

C. Their scores are the same.

D. More information is needed to make a decision.

Item #18a

(Use the graphs below to answer this question.) The graphs show numbers of baskets made by Paul 
and Terrell during 5 basketball practice sessions.  They each take 100 practice shots in each practice 
session.  According to the information in these graphs, who was more successful at making baskets?

Baskets Made During Practice

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 answering this question correctly.
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Item #19a

Mr. Chrostowski is choosing one of the billing plans shown below for his cellular phone.  He estimates 
that he will use the phones less than 50 minutes per month. (Use the chart below to answer this 
question.)

BILLING PLANS FOR CELLULAR PHONEBILLING PLANS FOR CELLULAR PHONEBILLING PLANS FOR CELLULAR PHONEBILLING PLANS FOR CELLULAR PHONE

Basic charge per 
month

Number of free 
minutes per month

Charge per minute

Plan 1 $16 0 $0.35

Plan 2 $30 50 $0.15
after free minutes 

are used

If he chooses Plan 1 and uses the phone exactly 50 minutes in one month, what will his bill be for that 
month?

Suppose that he chooses Plan 1 and uses the phone m minutes in one month.  Write an equation for his 
total bill, B, for that month.
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On the grid below, construct a graph that shows the monthly bills for Plan 1 between 0 and 50 minutes 
of calls.

Using your equation or graph, find the number of minutes of phone use for which the two plans cost 
the same.  Show or explain how you found your answer.

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 answering this question correctly.
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Item #20a

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

Based on the data in the table, what is the annual salary of 
an employee who has just completed 10 years of service 
with this company?

A. $46,500

B. $45,000

C. $43,500

D. $40,000

                               ANNUAL SALARY
Years of 

Employment
Annual Salary

Starting Salary $30,000

1 $31,500

2 $33,000

3 $34,500

4 $36,000

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #20b

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

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #21b

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

Item #21a

The circumference, C, of a circle is found by using the formula 

� 

C = πd  , where d is the diameter.  Which 
graph best shows the relationship between the diameter of a circle and its circumference? 

A.       B.

C.       D.   
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1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #22b

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

Item #22a

An observer is standing at the intersection of a figure eight racetrack.  A single car is traveling on the 
track.  Which graph best depicts the distance of the car from the observer at any time?

A. B.

C. D. None of these.
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Rubric for Content Test 1
For all of the following multiple choice questions:

Rubric: 1 point = Correct Answer;  0 points = Incorrect Answer or No Response
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Item # Correct Answer/Rubric for Short & Long Answer Questions

13

19

Correct Answer: 200 minutes; work shown should include something similar to the following:
y=0.07x+5  19=0.07x+5  14=0.07x  14/0.07=200=x
or
19-5=14 14/0.07=200
or
19>=0.07x+5  14>=0.07x  14/0.07=200>=x
Note: if a student use 7 or .7 instead of .07, then they should receive 0 pts.  If they use 7 or .7 and get a correct 
answer, then they should be give 1 pt

Rubric:
2 points = 200 minutes is the answer with correct work show
1 point = Correct equation is set up, but arithmetic or algebraic process is incorrect yielding an incorrect 
answer.  Or student has written just the correct answer with no work shown.
0 points = Incorrect  Answer or No Response

Correct Answers:
a. 50*($0.35)+$16=$33.50
b. B=$16+($0.35)*m or equivalent
c. Student has drawn a linear graph with a y-intercept of $16, slope of 0.35 and a domain of [0,50]. Axes are 

labeled (unit values (0,1,2, etc.), necessary minutes (or time) in x-axis, y-axis must indicate dollars (or cost, 
etc.)

d. Student has set $30 equal to the equation of Plan 1.  $30=$16+m(0.35); where m is the number of minutes.  
Student has shown the work needed to solve the equation and has an answer of 40 minutes.  Student has 
drawn on graph or explained how they used the graph to compute the answer.

Rubric:
4 points = All parts are correct and all correct work (for Parts A and D) is shown.
3 points = Three of the four parts are correct with correct work shown.  Or four parts are correct, but A and/
or D does not have all work shown
2 points = Two of the four parts are correct with the correct work shown for A and D.  Or three parts are 
correct, but work is not all shown.
1 point = One part is correct with work shown for A or D.  Two parts are correct but work is not all shown 
for A or D.
0 points = Incorrect Response or No Response

Item Correct Answer

1

2

3

4

5

6

7

8

9

10

B
B

A

C

A

B

B

C

B

C

Item Correct Answer

11

12

14

15

16

17

18

20

21

22

D

C

B

D

C

D

C

B

A

A
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CONTENT TEST 2

Instructions:  The test is composed of 21 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 linear functions best describes the graph shown below?
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A.
  
y = −3x + 1

2

B.
  
y =

1
2

x + 3

C.
  
y = −3x − 1

2

D.
  
y =

1
2

x − 3

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

Vicki works as a salesclerk in a clothing store.  She earns $10 per hour plus a commission of 6% of her 
total sales.  Which equation represents e, her total earnings when she works h hours and sells a total of 
d dollars in merchandise?

A.   e = 10h + 0.06d             B.    e = 10h + 0.6d             C.   e = 6h +10d             D.   e = 0.06h +10d

Item #3a

The number of bacteria in a culture doubles each hour.  Which graph below best represents this 
situation?

A.       B.

C.       D.   

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

Larissa plans to select one of the two mobile phone services described in the chart below.  Each of the 
two companies charge a fixed monthly fee plus an additional charge for each minute in excess of the 
free time allowance.

MOBILE PHONE SERVICEMOBILE PHONE SERVICEMOBILE PHONE SERVICEMOBILE PHONE SERVICE

Company Monthly Fee Free Minute 
Allowance Per Month

Cost for Each 
Additional Minute

Cellco $35 300 $0.08

Firstfone $22 400 $0.15

Larissa plans to use her mobile phone as her only phone and predicts that she will use it between 600 
and 900 minutes per month.  To find t, the total monthly charge for each company based on m minutes 
of phone use, Larissa wrote the two equations below:

Cellco:   t = 35+ (m− 300)(0.08)  for   m ≥ 300

Firstfone:  t = 22 + (m− 400)(0.15) for    m ≥ 400

Which is the least expensive plan for 600 minutes of phone use per month? Show or explain how you 
obtained your answer.

Which is the less expensive plan for 900 minutes of phone use per month?  Show or explain how you 
obtained your answer.
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Determine the number of minutes for which the monthly charges for the two companies would be 
exactly the same amount. Show or explain how you obtained your answer.

How can Larissa use the results from Parts a, b and c to make her selection of a cell phone company?  
Explain your reasoning.

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.
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Item #5a

If   3x + y = 6 , what is the value of   6x + 2y ?
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A. 6                                       B. 8                                       C. 12                                      D. 16

Item #6a

What is the 9th term in the quadratic sequence shown below?

2, 5, 10, 17, 26, ...

A. 97                                       B. 82                                       C. 71                                      D. 65

Item #7a

If the position of a particle on the x-axis at time t is   -5t2 , then the average velocity of the particle for 
  0 ≤ t ≤ 3  is:

A. –45                                       B. –30                                       C. –15                                      D. –10

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.

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

Below, please show all work or explain how you reached your answer.

Solve for x:   2(x − 3) = 1.2 − x

Item #9a

Which of the following is an equation for a line that is not parallel to the line for this equation:

  −x + 4y − 8 = 0

A.
  
y =

1
4

x −1                   B. 
  
y =

1
4

x + 21                  C.   −2x + 4y − 8 = 0                  D.  −x + 4y + 8 = 0

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.

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.
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Item #10a

The formula for the area, A, of a square is   A = s2 , where s is the length of the side of the square.

Which graph shows the relationship between the length of one side of square and its area?

A.       B.

C.       D.   

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

A rectangle has a perimeter of 44 inches and an area of 72 square inches.  What are the lengths of the 
sides of the rectangle?

Area of rectangle:  A = b• h

A. 2 inches and 36 inches

B. 4 inches and 18 inches

C. 8 inches and 9 inches

D. 11 inches and 11 inches

Item #12a

Marcos had 15 coins in nickels and quarters.  He had 3 more quarters than nickels.  He wrote a system 
of equations to represent this situation, letting x represent the number of nickels and y represent the 
number of quarters.  Then he solves the system by graphing.  What is the solution?

A.  (6,9)

B.  (5,10)

C.  (9,6)

D.  (10,5)

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.

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.
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Item #13a

The graph below models the cost of manufacturing calculators.

Which equation shows the relationship between the 
number of calculators, n, and the total cost, C?

A.   C = 300 + n

B.   C = 300 + 0.08n

C.   C = 300 +12.5n

D.   C = 300 +15n

Item #14a

Which of the following equations represents a line that is parallel to the line   4x − 2y = 8  and passes 

through the point  (0,−8) ?

A.   2x + y = −4                     B.   2x − y = 8                     C.   x − 2y = 8                     D.   x − 2y = 16
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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.

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.
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Item #15a

If the graphs of   y = 5x + 40  and   y = 10x + 20 are drawn on the same axes, they will:

A. not intersect               B. intersect at  (5,10)                C. intersect at  (4,60)                 D. intersect at  (12,100)

Item #16a

Kathy rode her bicycle from her house to the top of a nearby hill.  First, she traveled very fast on a level 
road.  Then, she traveled more and more slowly as she went up hill.  Which graph best shows the 
distance she traveled over time?

A.       B.

   Distance             Distance

   Time              Time

C.       D.   

     
   Distance             Distance

   Time              Time
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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.

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.
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Item #17a

Write a rule that could be used to show the relationship between x and y in the table below. Please 
show your work or explain how you reached your answer.

x y
–4 16
–1 1
0 0
3 9
7 49

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

Which graph best represents a solution to this system of equations?

  

2x − 3y = 0
x + 2y = −7

A.       B.

C.       D.   

     

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.
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Item #19a

The length of a rectangle is equal to triple the width.  Which system of equations can be used to find the 
dimensions of the rectangle if the perimeter is 85 centimeters?

A. 
  

l = w+ 3
2(l + w) = 85

                   B. 
  

l = 3w
2l + 6w = 85

                   C. 
  

l = 3w
2(l + w) = 85

                   D. 
  

l = w+ 3
2l + 6w = 85

Item #20a

The graph of the function   y = x2 is given below.  How will the graph be affected if the coefficient of   x2 is 

decreased to 
 

1
4

?

A. The parabola will be wider.

B. The parabola will be narrower.

C. The parabola will be translated up.

D. The parabola will be translated down.

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.

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #20b

Below, please circle the number that corresponds to how confident you are in answer this question correctly.
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Item #21a

What is the y-intercept of the function   f (x) = 3(x − 2)?
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A. 3

B. 1                                       

C. –2

D. –6

1

Not Confident

2 3 4

Neutral 

5 6 7

Very Confident

Item #21b

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 2

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 Short & Long Answer Questions

4

8

17

Correct Answers:
a. Firstfone; using the given equations, used 600=m.  Showed calculations where m is replaced by 600 or 

explained that m is replaced by 600 and then solved for t in both equations to see which costs less.  
Cellco = $59 for 600 minutes and Firstfone = $52.

b. Cellco; same reasoning as part A, but m=900.  Cellco = $83 and Firstfone = $97
c. 700 minutes; students can either set two given equations equal to each other (replace t value in one 

equation with t value in other) and solve for m or find the solution by the guess-and-check method.  
Must either show calculations that yield solution or describe how answer was reached (by substitution 
or guess-and-check)

d. Larissa will be using between 600 and 900 minutes a month.  The Firstfone is cheaper for between 600 
and 700 minutes, Cellco is cheaper for over 700 minutes of cell phone use. If she is going to be using 
more than 700 minutes, she should select Cellco.  However, if she doesn’t usually talk for more than 
700 minutes, Firstfone is cheaper.

Rubric:
4 points = All parts are correct with work as explained above.
3 points = Three parts correct with work or all 4 parts correct with work missing from 1 or 2 of the parts.
2 points = Two parts correct with work or all 4 parts correct with work missing from 3 or 4 of the parts
1 point = One part correct with work or 3 parts correct with work missing from 2 parts.
0 points = Incorrect Response or No Response

Correct Answer: x=2.4
           2(x - 3) = 1.2 – x 

 2x – 6 = 1.2 – x 
 3x = 7.2

                x = 2.4 

Correct Answer: 

� 

y = x 2  or 

� 

x 2 = y
Work: Most likely found equation through 
guess-and-check method.  Must verify solution
is correct by plugging in at least one x value
and seeing that it results in a corresponding
y value.

Item Correct Answer

1

2

3

5

6

7

B

A

D

C

B

C

Item Correct Answer

9

10

11

12

13

14

C

C

B

A

D

B

Item Correct Answer

15

16

18

19

20

21

C

A

D

C

A

D

Rubric:
2 points = Correct answer and above work
1 point = Correct answer and no work, or incorrect answer due to 1 
arithmetic error
0 points = Incorrect Answer or No Response (see note below)

Note: If the answer is incorrect  and due to a conceptual error or 2 or more 
arithmetic errors, then 0 pts are given.

Rubric:
2 points = Correct answer and work
1 point = Correct answer with no work, correct work 
with no answer
0 points = Incorrect Answer or No Response
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