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The Student Attitude Survey (SAS) explores 
students’ deeply held beliefs about mathematics 
and learning of mathematics, as well as their 
propensity for sharing private thinking. The 
survey consists of 27 items, and respondents are 
asked to report the extent to which they agree or 
disagree with each statement on a scale from 0 
(“Strongly Disagree”) to 4 (“Strongly Agree”). 

This survey was developed as part of the 
SimCalc Classroom Connectivity 2 Project: 
Understanding Classroom Interactions Among 
Diverse, Connected Classroom Technologies 
(NSF Grant No. REC-0337710) from 2004-2008 
(herein referred to as CC2). The project was 
centered on a 3-6 week quasi-experimental 
intervention that was conducted in several 9th 
grade Algebra 1 classrooms across two medium 
to low achieving districts, with teachers of 
varying experience. Teachers volunteered to use 
SimCalc MathWorlds® software and curriculum 
(herein referred to as SimCalc) as a replacement 
unit in their classrooms that focused on linear 
functions, and particularly on slope-as-rate. 

S imCalc a l lows s tudents to c rea te 
mathematical objects on graphing calculators 
and see dynamic representations of these 
functions through the animations of actors 
Students are then able to send their work to a 
teacher computer. Calculators are connected to 
hubs that wirelessly communicate to the 
teacher’s computer via a local access point. Due 
to advances in wireless communication and 
interactivity between desktop PCs and hand-
held devices, the flow of data around a 
classroom can be very fast allowing large 
iterations of activities to be executed during a 
class.

OVERVIEW

Students who used SimCalc in their 
classrooms will collectively be referred to as the 
treatment group in this report, and students in 
the study not using SimCalc whom we observed 
will be referred to as the comparison classrooms. 
These classrooms continued to use their regular 
mathematics curriculum but we administered the 
SAS at various points during the year to contrast 
with data from the treatment group. 

This technical report  provides details about 
how the SAS was developed and validated. We 
also present a four-factor attitude model that was 
defined and refined by theory and data reduction 
techniques. Using this model, we create weighted 
attitude component scores with the intention to 
measure changes in large attitude classes over 
time. We will include an example of some 
analysis we have completed using data collected 
independently of the CC2 project.

CONSTRUCTION OF THE INSTRUMENT
The SAS was constructed under a principled 

assessment design approach (Mislevy, Steinberg, 
Almond, Haertel, & Penuel, 2003) using items 
selected from a variety of establ ished 
instruments, including previous SimCalc research 
on affect and attitude (Goldin, Epstein, & Schorr, 
2007; Schorr & Goldin, 2008) and the Circumplex 
Scale of Interpersonal Values (Locke, 2000). Ma 
(1997) and Thorndike-Christ (1991) support items 
related to enjoyment of mathematics. Support for 
items related to motivation can be found in the 
work of Singh, Granville, and Dika (2002). 
Finally, the Longitudinal Study of American 
Youth (1990) provides research support for 
Attitude Survey items related to valuing 
mathematics.

An external expert advisory board helped 
direct the design of the instrument, refine it, and 
validate it by piloting it with students and 
teachers in their own graduate teacher education 
classrooms. The pilot student survey aimed to 
measure attitudes and beliefs about mathematics, 
school, and technology that participants 
responded to on a Likert-type scale ranging from 
“1 – Strongly Disagree” to “7 – Strongly Agree.” 
An example item was, “I think mathematics is 
important in life.” 

Various issues were addressed over the course 
of the instrument being developed.   First, the  
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interval of the Likert-scale was changed from 1-7 
to 1-5—to preserve stability given the notion of 
attitude towards certain activities measured by 
various items was less than well agreed upon 
amongst the age group we were observing.  
Second, certain items did not address affect but 
instead attitudes (the name of the final 
instrument), given there was a mixture of 
“attitude-towards-mathematics” questions 
mixed up with “sociability” questions. Later on 
in this paper, we present a factor analysis, which 
breaks the overall survey into components that 
relate to such broad areas in a statistically 
reliable way. Third, the overall structure of the 
survey was modified through various iterations. 
The order of questions was changed to not have 
similar items in a sequence. Social desirability 
questions were modified or eliminated to attend 
to affective-response behavior, which is very 
subtle in such a study. To attend to this behavior, 
we added some items with reversibility, i.e., we 
negated some items and checked for reverse 
responses among our respondents to ensure 
reliability. To this end, the valency of the 
potentially coupled items were adjusted to 
address the positivity or negativity of the 
terminology used.

Think-aloud interviews were conducted 
with pre-service teachers to verify that such 
changes were understood before being using in 
the main study.  We a l s o c o n d u c t e d 
analyses to assess whether the instrument had 
concurrent and predictive validity. Analyses 
were conducted using different data sets from 
which the survey was f irst used and 
administered. 

Concurrent Validity
SAS was compared to a similar instrument, 

the Fennema-Sherman (F-S) Mathematics 
Attitude Scale (Fennema & Sherman, 1976). In 
the more than thirty years since the first use of 
the F-S scale, extensive research has been done 
on its validity and reliability (Fennema, Wolleat, 
Pedro & DeVaney Becker, 1981; Kimball, 1989; 
McLeod, 1994). 

The Fennema-Sherman (F-S) scale includes 
four subscales: personal confidence about the 
subject matter, usefulness of the subject’s

content, subject is perceived as a male domain, 
and perception of teacher's attitudes. The 
instrument contains 12 questions for each 
subscale.  While the F-S survey is not identical to 
the SAS in variables or subscales, they share 
many common characteristics, particularly with 
regard to disposition to mathematics and 
confidence in math ability. Because the F-S scale 
is regarded as valid and reliable, and because it 
shares questions on the common dimensions of 
disposition and confidence, it was chosen for 
comparison to demonstrate concurrent validity.

The F-S Survey was administered to students 
who also took the SAS. Administration of the F-S 
Survey followed a similar timeline to the final 
administration of the attitude survey and was 
completed by 139 students. In order to 
demonstrate concurrent validity, results from 
both surveys—drawn from the same population
—should demonstrate similar responses. Since 
the surveys are not identical and do not measure 
precisely the same constructs, we analyzed 
student responses to individual items from SAS 
and F-S to see if there were significant differences 
in responses. In general the F-S survey had more 
items in these areas, so multiple questions were 
used for comparison (see Table 1). The benefit of 
this approach is that it allowed multiple 
opportunities to capture similarities between the 
two instruments. We shifted the scale for SAS 
items so that the items on both surveys were on 
the same scale, ranging from 1 to 5. 

Mean scores for questions on the two surveys 
were compared to find similarities using a one-
sample t-test. A non-significant result indicated 
that differences between means could have been 
the result of chance. These non-significant results 
were interpreted as demonstrat ions of 
concurrence. 

Six SAS items were compared to items on the 
F-S Survey. Of those six items, three items had 
non-significant differences in response means 
with at least one item on the F-S survey (see Table 
1). Items related to confidence received the 
highest level of concurrence. The one-sample t-
tests for items 2 and 17 from the SAS were 
significant, showing differences in responses 
between surveys. Though significance testing 
showed differences,  these differences were 
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SAS Items F-S Items Test Statistic Sig.

1. I think mathematics is 
important in life.

3. Knowing mathematics will help me earn a living. t(136) = -.506 .6141. I think mathematics is 
important in life. 5. Math will not be important to me in my life's work. 

[Transposed]
t(137) = -4.56 .000

1. I think mathematics is 
important in life.

10. I'll need mathematics for my future work. t(137) = -3.79 .000

1. I think mathematics is 
important in life.

21. Taking math is a waste of time. [Transposed] t(137) = -4.48 .000

1. I think mathematics is 
important in life.

29. I see mathematics as something I won't use very 
often when I get out of high school. [Transposed]

t(137) = -5.12 .000

1. I think mathematics is 
important in life.

42. Math is not important for my life. [Transposed] t(137) = -4.37 .000

1. I think mathematics is 
important in life.

44. I study math because I know how useful it is. t(137) = -6.80 .000
2. In middle school, my 
math teachers listened 
carefully to what I had to 
say.

2. My teachers have been interested in my progress in 
math.

t(136) = 2.90 .0042. In middle school, my 
math teachers listened 
carefully to what I had to 
say.

7. Getting a teacher to take me seriously in math is a 
problem. [Transposed]

t(136) = 4.18 .000

2. In middle school, my 
math teachers listened 
carefully to what I had to 
say.

16. It's hard to get math teachers to respect me. 
[Transposed]

t(137) = 3.34 .001

2. In middle school, my 
math teachers listened 
carefully to what I had to 
say.

22. I have a hard time getting teachers to talk seriously 
with me about math. [Transposed]

t(137) = 5.29 .000

2. In middle school, my 
math teachers listened 
carefully to what I had to 
say.

30. I feel that math teachers ignore me when I try to talk 
about something serious. [Transposed]

t(137) = 4.83 .000

15. I feel confident in my 
abilities to solve 
mathematics problems.

1. I am sure that I can learn math. t(137) = 13.5 .00015. I feel confident in my 
abilities to solve 
mathematics problems. 12. I am sure of myself when I do math. t(137) = -.968 .335

15. I feel confident in my 
abilities to solve 
mathematics problems.

19. I'm not the type to do well in math. [Transposed] t(135) = 1.15 .251

15. I feel confident in my 
abilities to solve 
mathematics problems.

37. I know I can do well in math. t(136) = 6.94 .000

15. I feel confident in my 
abilities to solve 
mathematics problems.

41. I am sure I could do advanced work in math. t(137) = .895 .372
16. In the past, I have not 
enjoyed math class.

23. Math has been my worst subject. t(136) = -6.91 .000

17. I receive good grades 
on math tests and quizzes.

33. I can get good grades in math. t(137) = 7.13 .000

18. When I see a math 
problem, I am nervous.

4. I don't think I could do advanced math. t(137) = 1.24 .21718. When I see a math 
problem, I am nervous. 8. Math is hard for me. t(137) = 2.73 .007
18. When I see a math 
problem, I am nervous.

32. Most subjects I can handle OK, but I just can't do a 
good job with math.

t(137) = .439 .662

18. When I see a math 
problem, I am nervous.

43. I'm no good in math. t(136) = -1.68 .096

Table 1
Tests of Concurrence on Survey Items

generally small—less than one category (of 
the five in the scale). One potential explanation 
for disparities in results between the two surveys 
may be that SAS questions asked respondents to 
report an event—what happened in middle 
school, for example, or which grades were 
achieved—while the F-S Survey questions are 
about perception.

Predictive Validity
SAS was created to help measure changes in 

attitude and motivation of students participating 
in mathematics classes at the middle school and 
high school level. The survey was based on the 
hypothesis that attitudes and/or motivations of 
students would change over time as they used 
SimCalc and experienced  the educational envi-
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ronment that typically accompanies its implementation.  To test for predictive validity, the criterion of 
detecting changes in attitude was used; if the SAS could be demonstrated to detect pre/post changes 
in student attitudes, it could be said to have predictive validity. 

A four-factor structure was created using theory and principal components analysis for data 
reduction (see the section on Attitude Components for more details).  The four-factor model was 
developed using data collected during the CC2 project. The analysis uses an independent data set 
(herein referred to as Group 1) collected at a later time to investigate predictive validity to increase our 
sample size. The components have a minimum Cronbach’s alpha of .637 in the Group 1 dataset: 
Attitude 1: Deep affect: positivity towards learning mathematics and school (α = .744), Attitude 2: Working 
collaboratively and related effect (α = .716), Attitude 3: Working privately (α = .702), and Attitude 4:  Use 
of technology  (α = .637).   These components were aggregated into component scores, and we 
compared pre-/ post-scores to investigate whether the SAS would detect change in attitude over time 
(see Table 2).

Wilcoxon matched-pairs signed-ranks tests were used to determine whether there were changes in 
student attitude as measured by the four attitude components. Table 3 shows that the SAS was able to 
detect changes in two of four components at the 99% confidence level and one component at the 90% 
confidence level for the treatment group. These results suggest that, when aggregated into 
components, the SAS demonstrates predictive validity.

Table 2
Descriptive Statistics for Student Attitude Component Scores in Both Treatment and Comparison Groups

SkewnessSkewness KurtosisKurtosisKurtosis
Admin N M Mdn SD Min Max Stat. SE     Stat. SESE

Att. 1
1 408 15.0 15.5 3.11 2.76 21.7 -.757 .121 .775.775 .241

Att. 1 4 408 14.5 15.1 3.14 4.71 21.1 -.680 .121 .231.231 .241

Att. 2
1 408 13.0 13.1 3.42 1.48 22.0 -.345 .121 .694.694 .241

Att. 2 4 408 13.1 13.2 3.27 2.33 23.4 -.234 .121 .877.877 .241

Att. 3
1 408 5.70 5.27 2.25 1.46 11.6 .616 .121 -.186-.186 .241

Att. 3 4 408 5.79 5.68 2.10 .634 11.6 .409 .121 .152.152 .241

Att. 4
1 408 8.84 8.90 2.21 .639 13.6 -.772 .121 1.391.39 .241

Att. 4 4 408 8.13 8.14 2.59 .639 13.6 -.302 .121 .036.036 .241
Admin = administration; M = mean; Mdn = median; SD = standard deviation; SE = standard error; CI = confidence 
interval; Att. = attitude.

Table 3
Results from Wilcoxon Matched-Pairs Signed-Ranks Tests to Assess Predictive Validity

Entire SampleaEntire Samplea ComparisonbComparisonb TreatmentcTreatmentc

Z p-value Z p-value Z p-value
Att. 1 -4.02 .000 -2.44 .015 -3.21 .001
Att. 2 -.766 .444 -.677 .498 -1.75 .081
Att. 3 -.490 .624 -.775 .439 -.093 .926
Att. 4 -.544 .000 -2.06 .040 -5.31 .000
Att. = attitude; p-values are two-tailed; a n = 408, b n = 195, c n = 213.

Further testing on all variables showed that there were significant differences from pre- to post on 
9 out of 27 items for the entire sample (See Table 4). The small number of significant results (33%) may 
be a product of the short amount of time (varying between 6 to 12 weeks, depending on the class 
schedule) between administrations of the survey.  This is a relatively short amount of time to expect 
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Table 4
Results from Wilcoxon Matched-Pairs Signed-Ranks Tests to Indicate Changes in Student Responses from Pre- 
to Post-Survey

ATTITUDE COMPONENTS

Entire SampleEntire SampleEntire Sample ComparisonComparisonComparison TreatmentTreatmentTreatment
Item n Z p-value n Z p-value n Z p-value
1 406 -4.65 .000** 194 -2.25 .024* 212 -4.37 .000**

2 402 -1.51 .132 191 -1.22 .223 211 -.920 .358
3 393 -1.52 .127 187 -1.56 .118 206 -.622 .534
4 403 -1.32 .185 192 -2.14 .033* 211 -.338 .735
5 405 -.926 .354 194 -.354 .723 211 -.964 .335
6 403 -.503 .615 191 -.530 .596 212 -.159 .874
7 402 -4.44 .000** 194 -2.37 .018* 208 -3.94 .000**

8 404 -3.15 .002** 192 -1.57 .116 212 -2.79 .005**

9 404 -.957 .339 192 -1.63 .103 212 -.259 .796
10 403 -4.35 .000** 194 -3.00 .003** 209 -3.18 .001**

11 401 -.744 .457 190 -.865 .387 211 -.213 .832
12 403 -2.25 .024* 192 -1.10 .273 211 -2.00 .045*

13 402 -1.66 .097 193 -.370 .712 209 -1.94 .052
14 402 -1.00 .316 194 -.543 .587 208 -.819 .413
15 406 -.788 .431 194 -.624 .533 212 -1.69 .092
16 386 -1.39 .163 184 -1.45 .147 202 -3.34 .001**

17 387 -.101 .920 185 -1.28 .199 202 -1.21 .228
18 387 -2.03 .043* 186 -1.80 .071 201 -1.07 .286
19 386 -1.10 .273 185 -.394 .694 201 -1.95 .051
20 383 -.407 .684 182 -.707 .480 201 -1.40 .161
21 384 -1.53 .127 186 -.568 .570 198 -1.66 .097
22 379 -.952 .341 181 -.184 .854 198 -1.19 .234
23 385 -.241 .810 184 -.841 .401 201 -1.17 .241
24 383 -.883 .377 183 -.878 .380 200 -.376 .707
25 385 -3.33 .001** 183 -.678 .498 202 -3.80 .000**

26 385 -4.97 .000** 185 -2.00 .045* 200 -4.83 .000**

27 387 -5.26 .000** 186 -2.05 .041* 201 -5.10 .000**

 *p < .05, **p < .01

We conducted an exploratory factor analysis 
on SAS data collected during the CC2 project (n 
= 283) to investigate the factor structure 
proposed by our theory regarding changes in 
attitude. We cross-validated the factor structure 
using a confirmatory factor analysis on a 
separate data set (n = 153) that was collected at a 
later time. Both groups satisfied the subjects-to-

variables minimum ratio of 5 subjects for each 
variable collected (Bryant & Yarnold, 1995; 
Gorsuch, 1983) providing a sufficiently large 
sample for factor analysis. Students belonged 
either a treatment or comparison class.   Student 
responses on the initial survey, which was 
administered prior to the start of the intervention, 
were included from both experimental groups for 
analysis.

After our latent variables were defined, we 
constructed scaled factor scores for each student 
on each component with the aim to see if student 
attitudes changed over time and if changes in 
attitude relate to change in student achievement.

changes in specific attitudes—results for 
individual variables may change over longer 
periods of time. Nevertheless, the SAS detects 
changes for both treatment and comparison 
groups.
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Principle Components Analysis
We first assessed the factorability of the CC2 

sample. Diagnostics on these data indicated that 
the sample was factorable. All variables were 
significantly correlated (p < .01) with at least one 
other variable. The Kaiser-Meyer-Olkin measure 
of sampling adequacy for the sample (.767) was 
good (Kaiser, 1974). Bartlett’s test of sphericity 
was significant (χ2 (253) = 2005.61, p < .01). 
Diagonals for the anti-correlation matrix were all 
above .5. 

After analyzing the correlation matrix, 3 
items were removed because they did not 
correlate highly (ρ< .3) with any other variable, 
suggesting that they would not factor well. 
Another item was removed from the analysis 
because of a low communality (less than .3) after 
extraction, indicating that there was a small 
amount of variance attributed to this item that 
can be accounted for by the components that 
were extracted.

We used principle components analysis 
(PCA) because our purpose was to compute 
composite scores for dimensions on the survey in 
order to measure change in attitude over time 
(Fabrigar, Wegener, MacCallum, & Strahan, 
1999). The initial PCA yielded eight factors both 
with varimax and promax rotation. The scree 
plot (Catell & Vogelmann, 1977) indicated that a 
four-factor structure, more in line with our 
theoretical model, could be used with our data. 
In subsequent analysis we elected to continue 
using oblique rotation since the components we 
extracted were correlated above .2 (Thurstone, 

1947). All components had the necessary 
minimum of three variables contributing to their 
variance (Velicer & Fava, 1998).  

Four components explained 48% of the total 
variance in our sample. The first factor, which we 
called Deep affect: Positivity towards learning 
mathematics and school (α=.782), explained 20.8% 
of the variance. These items collectively gave us a 
sense of relatively stable student beliefs and 
attitudes towards math and school that we 
predict will not change over the course of the 
short intervention.  The second factor, which 
explained 11.4% of the variance, was labeled 
Working collaboratively and related effect (α = .739). 
The items in this factor illustrated student 
perceptions and motivations within the 
classroom.  We do expect that responses to these 
items will change as a result to our intervention.  
The next component, Working privately (α =
.754), explains 8.5% of the variance. Our 
activities were centered around group work so, 
although it could be interesting if this changes 
due to the intervention, we have made no claims 
of the effect on student outcome. The last 
component, Use of Technology (α = .610), explains 
7.3% of the variance. This component is focused 
on attitudes towards the use of technology in 
class. Table 5 shows the factor loadings and 
communalities.

Cross Validation
Gerbing and Hamilton (1996), and Kline 

(2005) have suggested that cross validation of a 
factor structure arrived at through an exploratory 
factor analysis (EFA), on a different data set, may 
provide insight into the quality of the proposed 
factor structure. Gerbing and Hamilton proposed 
the use of confirmatory factor analysis, which 
uses a more conservative approach to estimating 
model fit, for cross validation purposes. 

To cross validate our factor model, we used 
data collected at a later time (n = 153). 
Confirmatory Factor Analysis (CFA) was 
conducted using AMOS software. The primary 
measures of fit included the Root Mean Square 
Error of Approximation (RMSEA) index, Tucker-
Lewis Index (TLI), and the Comparative Fit Index 
(CFI). The RMSEA is a “population-based index 
that relies on the non-central chi square distribu-



 

“Democratizing Access for A! Students to Powerful Mathematical Ideas” Page 7

 Kaput Center for 
Research and Innovation in STEM Education

Table 5
The SAS Attitude Components With Item Factor Loadings and Communalities

Factor Item Att. 1 Att. 2 Att. 3 Att. 4 Comm
Deep affect: Positivity 
towards learning 
mathematics and 
school 

(Attitude 1)

I do not like school. -.759 .490Deep affect: Positivity 
towards learning 
mathematics and 
school 

(Attitude 1)

In middle school, my math teachers listened 
carefully to what I had to say. .726 .422

Deep affect: Positivity 
towards learning 
mathematics and 
school 

(Attitude 1)

I think mathematics is important in life. .712 .472

Deep affect: Positivity 
towards learning 
mathematics and 
school 

(Attitude 1)
In middle school, I learned more from talking to 
my friends then from listening to my teacher. -.647 .372

Deep affect: Positivity 
towards learning 
mathematics and 
school 

(Attitude 1)

I like math. .624 .643

Deep affect: Positivity 
towards learning 
mathematics and 
school 

(Attitude 1)

I enjoy hearing the thoughts and ideas of my 
peers in math class. .621 -.332 .421

Deep affect: Positivity 
towards learning 
mathematics and 
school 

(Attitude 1)

Mathematics interests me. .617 .627
Working 
collaboratively and 
related effect

(Attitude 2)

I sometimes feel nervous talking out-loud in 
front of my classmates. .843 .616Working 

collaboratively and 
related effect

(Attitude 2)

I do not like to speak in public. .657 .414

Working 
collaboratively and 
related effect

(Attitude 2)
When I see a math problem, I am nervous. .566 .330

Working 
collaboratively and 
related effect

(Attitude 2) I do not participate in many group activities 
outside school. .552 .353

Working 
collaboratively and 
related effect

(Attitude 2)

I like to go to the board or share my answers 
with peers in math class. -.520 .417

Working 
collaboratively and 
related effect

(Attitude 2)

I am not eager to participate in discussions that 
involve mathematics. .481 .397

Working 
collaboratively and 
related effect

(Attitude 2)

I feel confident in my abilities to solve 
mathematics problems. -.375 .529

Working 
collaboratively and 
related effect

(Attitude 2)

In the past, I have not enjoyed math class. -.342 .344 .383

Working 
collaboratively and 
related effect

(Attitude 2)

I receive good grades on math tests and quizzes. -.335 .473
Working Privately

(Attitude 3)

I enjoy working in groups better than alone in 
math class. -.858 .688Working Privately

(Attitude 3) I prefer working alone rather than in groups 
when doing mathematics. .824 .670

Working Privately

(Attitude 3)

I learn more about mathematics working on my 
own. .634 .399

Use of technology 

(Attitude 4)

I enjoy using a computer when learning 
mathematics. .807 .584Use of technology 

(Attitude 4) When using technology for learning 
mathematics, I feel like I am in my own private 
world.

.663 .441

Use of technology 

(Attitude 4)

Technology can make mathematics easier to 
understand. .639 .463

Use of technology 

(Attitude 4)

I am not comfortable using technology in math 
class. -.604 .438

tion,  which is the distribution of the fitting 
fitting function when the fit of the model is not 
perfect” (Brown, 2006, p.83). RMSEA is not 
sensitive to sample size but it is sensitive to the 
number of model parameters (Brown, 2006) and 

is computed 
 
RMSEA =

d

df
, where 

  
d =

x2 − df

n − 1
.   An 

RMSEA value of 0 denotes a model of perfect fit.
The TLI and the CFI are indexes that evaluate 

the defined model against an “independent” 
model where the covariance of the inputs are 
fixed to zero (Brown, ibid). The CFI and TLI 
range from 0-1 where 1 indicates a model with 
perfect fit. Although cutoff values for these 
indices are greatly debated,   Brown (ibid) 
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suggests that RMSEA values .06 or below 
indicate a good model fit, while values of .08 or 
less indicate an “adequate” fit. In addition, CFI 
and TLI values of .95 or greater are also 
indicative of good model fit. 

The analysis revealed an RMSEA value 
of .052, TFI of .852 and a CFI of .880 that 
indicated good model fit (Brown, ibid). 
PCLOSE measures test the null hypothesis 
that the population RMSEA is less than .05 
(Arbuckle & Wothke, 1999 ).  PCLOSE values 
(.363) did not reject the null hypothesis 
indicating a high probability for reasonable 
model fit in the population as a whole.

Using Scaled Component Scores
In order to create a durable metric for 

comparing changes in the dimensions on our 
attitude survey, we chose to use factor loading 
from our model (η) as weights to be applied to 
raw scores (R) for an individual to create 
scaled factor scores (FS) for each factor, for each 

individual: 
  
FS = Ri

i=1

n

∑ *ηi , where n is the number 

of items grouped in the component. The 
resulting score represents a total score for each 
student on each factor, weighted by the 
importance of survey questions to the latent 
variable. By doing this, we hoped to capture real 
attitude change over time.

Variables with negative factor loadings from 
our PCA were transposed so that all variables 
within an attitude component: (i) had positive 
factor loadings, and (ii) the variables within a 
component had similar directionality. For 
instance, the factor loading for the survey item 
“I do not like school” is -.759.  Student responses 
to this item were transposed so that students 
who indicated they “strongly agree” to this 
statement would “strongly disagree” with the 
statement “I do like school”. Re-running the 
analysis with the transposed variables shows all 
positive factor loadings. All factor loadings (η) 
must be positive when calculating the FS. 

Furthermore, we shifted the scale of the SAS 
items from 0 to 4 to 1 to 5, where 0 denotes 
missing data when we compute the FS, so that 
component scores can be calculated for all 

students who have returned surveys. Zero 
indicates missing data because we have no 
information about a students’ response on a 
particular item within a component, but we do 
have other valuable information that would 
otherwise be lost. Students can only have a factor 
score of 0 if they did not provide any information 
for all of the items included in the scale. Similarly, 
students can only receive the maximum score on 
a component if (i) they recorded responses for all 
items within the component, and (ii) students 
indicated they “strongly agreed” with all of the 
statements that make up the component, after 
appropriate items are transposed.  Table 6 
provides information about the scale for each of 
the attitude components. 

Interpretation of the component scores. One 
needs to be careful when interpreting any 
analysis with the attitude coscores for positivity 
and learning mathematics in school (Attitude 1) 
indicate students tend to agree or strongly agree 
with statements such as, “Mathematics interests 
me.” Therefore, if you were measuring changes 
in student attitudes with this instrument over 
time, and changes were observed, one would 
hope that the change for this factor is positive. 
For example, a negative change would indicate 
that students tend to agree less strongly with 
such statements at the end of the intervention 
compared to at the start. 

Table 6
Attitude Factor Scales

# of Items
ScaleScale

# of Items Min Max
Att. 1 7 0 23.530
Att. 2 9 0 23.215
Att. 3 3 0 11.580
Att. 4 4 0 13.565
Att. = attitude

Conversely, a negative change in working 
collaboratively and related effect  (Attitude 2) would 
indicate that students report that they feel more 
comfortable sharing their ideas and are more 
confident in their mathematical abilities at the 
end of the intervention then at the start.  In this 
case, a negative change is desirable if you want 
students to report feeling more confident with
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ANALYSIS - AN EXAMPLE
Data presented in this example was collected 

as part of an Algebra 1 study that was part of a 
four-year longitudinal program, the Learning 
and Motivation Project (LAMP), funded by the 
US Department of Education (R305B070430).   
Eight districts across Massachusetts are 
implementing SimCalc MathWorlds® curriculum 
and software in their Algebra 1 and Algebra 2 
classrooms, and we are collecting data on student 
achievement and student attitudes towards 
mathematics, school, and sharing ideas in class. 
Four hundred and eight students (195 
comparison and 213 treatment) completed the 
SAS at the beginning of the intervention (or 
similar coursework in comparison classrooms)   

their mathematical ability and with sharing their 
ideas.

Higher component scores for Attitude 3 
indicate higher reported agreement where 
students prefer working on their own more than 
in groups, and higher scores for Attitude 4 
indicate that students report feeling comfortable 
and enjoy using technology for learning 
mathematics.

and at the end of the intervention (or similar 
coursework in comparison classrooms). Table 7 
displays descriptive statistics for initial and 
change in attitude component scores for both 
experimental groups.

Differences in Attitudes Between Experimental 
Groups

To start, experimental groups differ in initial 
attitudes towards working collaboratively and 
related effect (Attitude 2), and use of technology 
(Attitude 4). Students in the comparison group 
(Mdn = 13.5) reported feeling less confident and 
comfortable with their mathematical abilities 
compared to the treatment group  (Mdn = 12.6), 
U = 17,494, p = .006, r = -.136 (d = -.236).  When 
we disaggregate the data by class level (honors 
and non-honors, as designated by the school), we 
see that the initial difference for Attitude 2 is 
s ign i f i cant for the non-honors group. 
Comparison students have a higher component 
score (Mdn = 14.1) compared to treatment 
students (Mdn = 12.9), U = 9,090, p = .002, 
r = -.175 (d = -.305). 

The difference in initial attitudes regarding 
the use of technology in the classroom is  signifi-

SkewnessSkewness KurtosisKurtosis
n M Mdn SD Min Max Stat SE Stat SE

Att. 1
Initial C 195 15.0 15.5 3.05 4.06 2.40 -.885 .174 .891 .346

Att. 1
Initial

T 213 15.0 15.4 3.17 2.76 21.7 -.656 .167 .721 .332
Att. 1

Change C 195 -.405 -.455 2.50 -1.10 7.71 .051 .174 1.54 .346
Att. 1

Change
T 213 -.475 -.542 2.36 -7.17 8.24 .232 .167 1.17 .332

Att. 2
Initial C 195 13.4 13.5 3.38 1.96 21.7 -.420 .174 .509 .346

Att. 2
Initial

T 213 12.6 12.6 3.42 1.48 22.0 -.290 .167 .997 .332Att. 2
Change C 195 -.179 -.123 3.23 -18.4 13.7 -.813 .174 8.72 .346

Att. 2
Change

T 213 .302 .366 3.01 -11.0 14.8 .638 .167 5.42 .332

Att. 3
Initial C 195 5.62 5.27 2.12 1.49 11.6 .660 .174 -.017 .346

Att. 3
Initial

T 213 5.78 5.27 2.36 1.46 11.6 .570 .167 -.330 .332Att. 3
Change C 195 .121 0 2.03 -5.87 5.46 -.050 .174 .004 .346

Att. 3
Change

T 213 .063 0 2.00 -6.12 7.17 .434 .167 1.09 .332

Att. 4
Initial C 195 8.54 8.74 2.08 1.92 12.9 -.688 .174 .919 .346

Att. 4
Initial

T 213 9.12 9.38 2.29 .639 13.6 -.926 .167 1.95 .332Att. 4
Change C 195 -.386 -.030 2.29 -8.68 8.27 -.386 .174 2.55 .346

Att. 4
Change

T 213 -1.01 -.748 2.87 -1.20 9.64 -.087 .167 1.95 .332
M = mean; Mdn = median; SD = standard deviation; SE = standard error; Att. = Attitude; C = comparison; T = treatment.

Table 7
Descriptive Statistics on Initial Attitudes and Changes in Attitudes for Treatment and Control Groups
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cant between the comparison group (Mdn = 8.74) 
and the treatment group (Mdn = 9.38), U = 
24,173, p = .004, r = .142 (d = .265). When we 
disaggregate the data by class level, treatment 
and comparison groups differ significantly for 
both honors and non-honor students. This result 
might be due to treatment students’ initial 
excitement and anticipation about using 
technology in their mathematics class. This may 
be supported by the fact that changes in Attitude 
4 are significantly different between treatment 
(Mdn = -.748) and comparison (Mdn = -.030) 
groups, U = 17,535, p = .007, r = -.135 (d = -.240).

Relationships Between Attitudes and Changes in 
Attitude

We examined relationships between changes 
in attitude for students in both experimental 
groups. Students in the treatment group had a 
significant correlation between changes in 
Attitude 1 with changes in  Attitude 2, rs(213) = 
.177, p = .009.  Students who reported feeling less

confident in their mathematical abilities on the 
post-survey also tended to report enjoying school 
and mathematics.  There was also a significant 
correlation between changes in Attitude 1 with 
changes in Attitude 4 for the treatment group, 
rs(213) = .166, p = .015. Students who reported 
enjoying the use of technology more on the post-
survey compared to the pre-survey also reported 
liking math and school more. The converse is true 
as well—students who reported enjoying the 
technology less on the post-survey also reported 
liking school less on the pre-survey.

There were significant correlations between 
change in Attitude 4  with change in Attitude 2 for 
the treatment group, rs(213) = .172, p = .012, and 
the comparison group, rs(195) = .199, p = .005. This 
is interesting since students in the comparison 
group, by and large, were not exposed to 
substantial and sustained use of technology in the 
classroom. Table 8 displays correlations between 
changes in attitudes for both groups.

Table 8
Correlations Between Changes in Attitude by Group

Group Δ Att. 1 Δ Att. 2 Δ Att. 3 Δ Att. 4
Comparisona Δ Att. 1 1.00Comparisona

Δ Att. 2 .137† 1.00
Comparisona

Δ Att. 3 .039 -.038 1.00

Comparisona

Δ Att. 4 .044 .199** -.108 1.00

Treatmentb Δ Att. 1 1.00Treatmentb

Δ Att. 2 .177** 1.00
Treatmentb

Δ Att. 3 .121† .151* 1.00

Treatmentb

Δ Att. 4 .166* .172* .096 1.00

Correlations are Spearman rho.  Att. = attitude; a n = 195, b n = 213; †p < .10 (2-tailed); * p < .05 (2-tailed); 
** p < .01 (2-tailed).

SUMMARY
The Student Attitude Survey (SAS) was 

designed to measure students attitudes and 
beliefs about mathematics, as well as their 
comfort with sharing their ideas with peers in 
class. Principled assessment design informed the 
development of the survey, and we conducted 
different kinds of analyses to assess the 
concurrent and  predictive validity of the instru-

ment. We compared survey responses on the SAS 
to responses on similar items on the F-S survey to 
establish concurrent validity, and we received 
mixed results. One potential explanation for 
disparities in results between the two surveys 
may be that SAS questions asked respondents to 
report an event, i.e., what happened in middle 
school, or which grades were achieved, while the 
F-S Survey questions were about perception.  Our
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instrument did show predictive validity for 
three of the four attitude factor scores for 
treatment and comparison groups.

We used the weighted attitude factor scores 
to measure change in attitude over time. The 
attitude factor scores were also used to assess 
whether there were any significant relationships 
with changes in attitude and changes in student 
learning. We will continue to report our findings 
in other venues, especially how changes in 
learning algebra concepts are correlated with 
changes in motivation as measured by the SAS.
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APPENDIX A: ATTITUDE SURVEY
SUMMARY OF ITEMS AND ORDER

Circle the appropriate responses based on the key below:

0
Strongly Disagree

1
Disagree

2
Neutral/Undecided

3
           Agree

4
Strongly Agree

1. I think mathematics is important in life. 0 1 2 3 4

2. In middle school, my math teachers listened carefully to what I had to say. 0 1 2 3 4

3. I learn more about mathematics working on my own. 0 1 2 3 4

4. I do not like to speak in public. 0 1 2 3 4

5. I prefer working along rather than in groups when doing mathematics. 0 1 2 3 4

6. I get anxious in school. 0 1 2 3 4

7. In middle school, I learned more from talking to my friends then from 
listening to my teacher.

8.

0 1 2 3 4

8. Technology can make mathematics easier to understand. 0 1 2 3 4

9. Cell phones are an important technology in my life. 0 1 2 3 4

10. I like my own space outside school the majority of the time. 0 1 2 3 4

11. I enjoy being part of large groups outside school. 0 1 2 3 4

12. I do not participate in many group activities outside school. 0 1 2 3 4

13. I do not like school. 0 1 2 3 4

14. I like math. 0 1 2 3 4

15. I feel confident in my abilities to solve mathematics problems. 0 1 2 3 4

16. In the past, I have not enjoyed math class. 0 1 2 3 4

17. I receive good grades on math tests and quizzes. 0 1 2 3 4

18. When I see a math problem, I am nervous. 0 1 2 3 4

19. I am not eager to participate in discussions that involve mathematics. 0 1 2 3 4

20. I enjoy working in groups better than along in math class. 0 1 2 3 4

21. I like to go to the board or share my answers with peers in math class. 0 1 2 3 4

22. I enjoy hearing the thoughts and ideas of my peers in math class. 0 1 2 3 4

23. Mathematics interests me. 0 1 2 3 4

24. I sometimes feel nervous talking out-loud in front of my classmates. 0 1 2 3 4

25. I enjoy using a computer when learning mathematics. 0 1 2 3 4

26. When using technology for learning mathematics, I feel like I am in my 
own private world.

0 1 2 3 4

27. I am not comfortable using technology in math class. 0 1 2 3 4
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