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Chapter 2: The TRE Interpretive Framework

In Problem Solving in Technology-Rich Environ-
ments (TRE), an examinee’s performance on the 
fi rst Simulation problem relating mass to altitude 
may be facilitated by having recently read an article 
on weather balloons and the payloads they carry. 
However, the examinee’s performance on the second 
problem, relating the amount of helium to altitude, 
may be unaffected by that contextual knowledge. The 
measurement models typically used in NAEP assess-
ments do not explicitly accommodate either local 
dependence or multidimensionality. 

 The TRE team relied upon Evidence-Centered 
Design (ECD) to help develop the interpretive 
framework for the TRE scenarios (Mislevy, Almond, 
and Lukas 2003; Mislevy et al. 2001). ECD is a meth-
odology for devising assessments and for using the 
evidence observed in complex student performances 
to make inferences about student profi ciency. In this 
approach, initial specifi cations for scoring and inter-
pretation are developed as part of assessment plan-
ning. These specifi cations take the form of student 
and evidence models. The student model constitutes 
a proposal for how the components of profi ciency (or 
skill) are organized in the domain of problem solv-
ing in technology-rich environments. The evidence 
model describes how to connect student responses to 
these components of profi ciency.7 Figure 2-1 shows 
the student model.

The Student and Evidence Models
While developing suitable problem-solving scenarios 
is a challenging task, so is interpreting the responses 
to such scenarios. A well-conceptualized interpretive 
framework is a necessity; the scenario development 
cost and examinee time required to perform extend-
ed problem solving on the computer can be justifi ed 
only if the wealth of information that can be captured 
about student performance can be thoughtfully used. 

 In addition to the amount of data, other factors 
make interpretation challenging. As stated above, 
extended performances are typically multidimen-
sional, relying on multiple, intertwined skills. Fur-
ther, response data based on an extended scenario 
in which examinee actions share a common context 
are often locally dependent. That is, factors other 
than the skills of interest may infl uence responses to 
related aspects of a complex task. Such effects may 
arise from chance familiarity with a particular topic, 
personal interests, or misinterpreting directions or 
the intent of a question, as well as from other sources. 
These “context effects” are common in reading 
comprehension tests, where a set of items based on 
the same passage may share unwanted covariation 
for an individual because that person is (or is not) 
interested in the passage topic (Sireci, Thissen, and 
Wainer 1991; Thissen, Steinberg, and Mooney 1989). 

Figure 2-1. TRE student model, grade 8: 2003
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NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

7 In addition to student and evidence models, ECD also invokes the concept of a “task model.” The task model is an abstract description of a 
class of situations, or tasks, intended to elicit behavior from students relevant to one or more student-model profi ciencies. Because each task 
model defi nes the characteristics of a general class, such models allow test developers to generate instances of extended problem-solving ex-
ercises very effi ciently. Task models are particularly useful for ongoing assessment programs that require the repeated creation of tasks. Task 
models were not used in the TRE study, however, because the study called for a one-time assessment.
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 Reading from left to right, the fi gure indicates that 
problem solving in technology-rich environments is 
composed of scientifi c inquiry skill and computer 
skills. Scientifi c inquiry skill is, in turn, composed of 
two subskills—exploration and synthesis. For purpos-
es of the TRE scenarios, scientifi c inquiry was defi ned 
as the ability to fi nd information about a given topic, 
judge what information is relevant, plan and conduct 
experiments, monitor one’s efforts, organize and 
interpret results, and communicate a coherent inter-
pretation. 

 It is important to note here that the conception of 
scientifi c inquiry embodied in TRE is a partial one. 
The essential features of classroom scientifi c inquiry 
are acknowledged to vary along several dimensions, 
with some implementations considered to be full and 
others partial inquiry (Olson and Loucks-Horsley 
2000, pp. 28–30). Full inquiry gives greater attention 
to question choice, explanations, and connections 
of those explanations with scientifi c knowledge than 
could be achieved in this project. Partial inquiry was 
chosen for practical reasons, including limited testing 
time, the need to impose constraints for assessment 
that would be unnecessary in an instructional con-
text, and the need to provide example scenarios for 
NAEP that could be taken in the direction of either 
a content-based assessment like science or a more 
general problem-solving-with-technology assessment.

 Computer skills were defi ned as the ability to carry 
out the largely mechanical operations of using a 
computer to fi nd information, run simulated experi-
ments, get information from dynamic visual displays, 
construct a table or graph, sort data, and enter text. 
The TRE conception of computer skills is based 
on the notion that, separated from all substantive 
knowledge, computer skill is mastery of automatized 
pointing, clicking, and keying. These actions become 
automatized through repeated practice with different 
software applications. The TRE scenarios build on 
this notion by employing common interface conven-
tions that students knowledgeable about computers 
will readily recognize, such as toolbars, radio buttons, 
dialog boxes, and text boxes. When this mechanical 
computer competency is integrated with scientifi c in-
quiry, what emerges is a purposeful, nonmechanical 
use of the computer for scientifi c problem solving. 

 When a student takes a TRE scenario, each action 
is connected to one or more variables in the student 
model. A three-step, evidence-modeling process was 
used to make these connections. The three steps are 
feature extraction, feature evaluation, and evidence 
accumulation, which are described in detail in the 
following sections. 

Feature Extraction
For each TRE scenario, all student actions are logged 
in a transaction record. Feature extraction involves 
culling particular actions from the record (e.g., 
the specifi c experiments the student ran to solve a 
Simulation scenario problem). These actions, called 
observables, are student behaviors chosen for their 
presumed value as evidence of a particular student-
model profi ciency, or skill. Observables may include 
both process variables (e.g., the particular experi-
ments run) and product variables (e.g., an answer to 
a multiple-choice item). 

 Table 2-1 shows an extraction from the fi rst minute 
of the record for Simulation problem 1. The extrac-
tion shows the times and values associated with given 
student actions. The record shows that, in designing 
the experiment, the student fi rst pressed the Choose 
Values button and selected a payload mass of 90 for 
the balloon to carry. Then the student pressed Try 
It to launch the balloon. Next, the student created a 
table, with payload mass as the only variable. Finally, 
the student made a graph, putting altitude on the 
vertical axis and amount of helium on the horizontal 
axis. 

 Note that such a transaction record may contain 
several hundred actions for a given student, and that 
some of these actions may turn out to be unimport-
ant in making inferences about what students know 
and can do. The challenge for the assessment design-
er is to identify, through theory and empirical data, 
which actions constitute evidence of profi ciency and 
which can be safely ignored.

Table 2-1. A portion of the student transaction record from 
 TRE Simulation problem 1, grade 8: 2003 

Time (in seconds)1 Action Action choice 

137 Begin problem 1 †
150 Choose values 90 
155 Select mass †  
157 Try it †
180 Make table †
182 Selected table variables Payload mass 
185 Make graph †
188 Vertical axis Altitude 
190 Horizontal axis Helium 

† Not applicable.
1 These times include 137 seconds spent interacting with introductory 
material presented prior to problem 1.
NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.
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Feature Evaluation
The second step in connecting observables to the 
student model is feature evaluation. After desired 
observables have been extracted, the correctness 
of each one is judged. Feature evaluation involves 
assigning scores to observables. These scoring as-
signments may be done by machine or by human 
judges. In either case, the assignments are executed 
in keeping with evaluation rules. The following rule 
describes how to evaluate the choice of experiments 
the student ran to solve Simulation problem 1: 

• IF the list of payload masses includes the low 
extreme (10), the middle value (50), and the high 
extreme (90), with or without additional values, 
THEN the best experiments were run. 

• IF the list omits one or more of the required values 
but includes at least three experiments having 
a range of 50 or more, THEN very good experi-
ments were run. 

• IF the list has only two experiments but the range 
is at least 50, OR the list has more than two ex-
periments with a range equal to 40, THEN good 
experiments were run. 

• IF the list has two or fewer experiments with a 
range less than 50, OR has more than two experi-
ments with a range less than 40, THEN insuffi cient 
experiments were run. 

 This rule generates a partial-credit score that at-
tempts to establish whether the student conducted 
enough experiments—and spread the values for 
payload mass suffi ciently—to be confi dent that the 
relationship between mass and altitude was linear 
throughout. Too few experiments or too narrow a 
spread of masses would not supply suffi cient evidence 
to support a valid inference.

 Note that formulating an evaluation rule involves 
an iterative process in which logical challenges to the 
rule are posed, and, if a challenge has merit, the rule 
is refi ned. Many refi nements were made to the TRE 

rules based on data that suggested how well the rules 
captured distinctions among students of varying skill 
levels. Even so, no rule will accurately evaluate the 
behavior of all performers; that is, a given rule may 
award too little credit to some examinees even when 
they know the material or too much credit even when 
they do not know the material. In the assessment of 
group profi ciency, as long as these positive and nega-
tive misclassifi cations are not too frequent and are 
not systematic (e.g., do not tend to award too little 
credit more often than too much credit), they can be 
handled effectively through mechanisms that quan-
tify uncertainty in profi ciency estimates, as described 
below.8

Evidence Accumulation
The third step in connecting observables to the 
student model is evidence accumulation. Feature 
evaluations (like test items) need to be combined 
into summary scores that support the inferences to 
be made based on student performance. Evidence 
accumulation entails combining the feature scores in 
some principled manner. Item response theory (IRT) 
is an example of a common evidence-accumulation 
method. 

 For TRE, summary scores were created using mod-
eling procedures that incorporate Bayesian networks 
(Mislevy et al. 2000; a full discussion of the Bayesian 
methodology used in the TRE data analysis can be 
found in appendix F). Bayesian models offer a formal 
statistical framework for reasoning about interde-
pendent variables in the presence of uncertainty. In 
contrast with the procedures typically used in NAEP 
assessments, Bayesian (and other similarly innovative) 
methods are well suited to integrated tasks like those 
used in TRE because the methods allow the various 
skills that underlie performance to be modeled indi-
vidually, along with the complex interrelationships that 
may exist among them. (See Adams, Wilson, and Wang 
1997 for another suitable modeling methodology.) 

8 Challenges were posed by advisory committee members, project team members, colleagues, and audiences hearing about the study as it 
progressed. Empirical evidence was gathered through several pilot tests and in the main analysis, and the rules were adjusted based on these 
data before the fi nal analysis was conducted. Although they were informed by data, such revisions are ultimately judgments made by project 
team members. These judgments are similar to those that would be made routinely in the refi nement of constructed-response rubrics during 
the development and scoring process for any operational assessment.
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 Figure 2-2 graphically depicts the evidence model 
for the Search senario. The model is essentially a set 
of hypotheses about which observables are direct 
evidence of the profi ciencies in the student model. In 
the center are the student-model profi ciencies—com-
puter skills, scientifi c inquiry exploration skill, and 
scientifi c inquiry synthesis skill—which connect di-
rectly to the Search scenario observables. Some of the 
observables connected to computer skills are the use 
of advanced search techniques, the use of hyperlinks 
to drill down into web pages, and the degree of use of 
Tips for Searching. Some observables connected to 
scientifi c inquiry exploration skill include the de-
gree of use of relevant search terms, the percentage 
of pages visited relevant to the motivating problem, 
and the average relevance of hits.9 The accuracy of 
responses to the motivating problem and to the mul-
tiple-choice questions connect to scientifi c inquiry 
synthesis skill. 

 Figure 2-3 gives the evidence model for Simulation 
scenario problem 1. The far left of the fi gure shows a 

variable representing the context effect; that is, some 
local dependency among responses unrelated to the 
skills of interest. As stated earlier, conventional mea-
surement models do not handle such dependency ef-
fectively. With the Bayesian methodology used in the 
TRE study, however, this dependency can be explicitly 
modeled for each problem. Note that the Search 
evidence model does not incorporate a context effect 
because the scenario contains only one main task.

 The center of fi gure 2-3 displays the student-model 
profi ciencies—computer skills, scientifi c exploration, 
and scientifi c synthesis—that connect directly to the 
observables. For example, how frequently Computer 
Help is consulted and how extensively the various 
components of the Simulation-tool interface are used 
are both connected to computer skills because they 
are assumed to be evidence of those skills. Some of 
the observables connected to scientifi c exploration 
are how frequently Science Help and the Glossary 
are consulted, whether the best experiments were 
run, whether a table or graph was used, and how 

Figure 2-2. TRE Search scenario evidence model, grade 8: 2003 
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NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

9 Each of the approximately 5,000 pages composing the TRE Search web universe was rated independently on a scale of 1 to 4 by one staff 
member for its relevance to the Search motivating problem. Two additional staff members then independently rated all pages judged by the 
fi rst staff member as having at least some relevance (i.e., scores of 2, 3, or 4). Disagreements between raters were resolved by consensus.
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appropriate that table or graph was to the problem 
posed. Linked to scientifi c synthesis are the accuracy 
of answers to the constructed-response and multiple-
choice questions that motivate the problem, and the 
proportion of accurate predictions. Some of these 
behaviors (such as how frequently Science Help is 
consulted or the same experiment is repeated) are 
expected to be negatively related to student profi -
ciency. Others, like making a relevant graph, should 
be positively related. 

 How do the student and evidence models facilitate 
judgments about student profi ciency? (Note that in 
the context of TRE performance, the terms “profi -
ciency” and “profi cient” denote “skill” and “skilled” 
and are not related to NAEP’s use of “Profi cient” as 
an achievement level.) As indicated by the arrows in 
fi gures 2-2 and 2-3, reasoning in the evidence model 
runs from left to right. That is, the likelihood of a 
particular level of response for an observable de-
pends on the levels of profi ciency for the variables in 
the student model. For example, if all other things 
are equal, students who are highly profi cient in scien-
tifi c exploration are expected to show a greater likeli-
hood of getting the top score for running the best 
experiments than students who are lower in that skill. 
When a student responds to a scenario, the reasoning 
runs from right to left; the score for each observable 

is used to update probabilities about standing on the 
student-model variable to which each observable is 
connected. Thus, observing that a student ran the 
best experiments for problem 1 would increase the 
probability that the student is profi cient in explo-
ration skill. This increased probability would then 
propagate to other student-model variables linked to 
exploration, such as scientifi c inquiry and problem 
solving in technology-rich environments. This updat-
ing of the student model is carried out until respons-
es to all observables are incorporated from all three 
Simulation problems (or from all Search scenario 
observables). 

 Note that level of standing on the student model 
variables constitutes a multidimensional picture of 
functioning that could not be generated as directly 
through the measurement models routinely used in 
main NAEP assessments. Typically, multiple skills are 
modeled by creating separate measurement scales, 
each of which is indicated by a unique set of items. 
With the student and evidence models implemented 
within a Bayesian framework, test developers can 
instead use integrated tasks, each of which measures 
a mix of skills, and attempt to model standing on 
each skill by connecting it to the relevant features of 
student responses.

Figure 2-3. TRE Simulation scenario evidence model for problem 1, grade 8: 2003 
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SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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The TRE study was conducted during the spring of 
2003. The TRE student sample was a nationally repre-
sentative group of 2,110 eighth-grade students from 
222 schools. Students were randomly assigned to one 
of the two scenarios, Search or Simulation, during 
administrations; ultimately, 1,077 students received 
the Search scenario, and 1,033 received the Simula-
tion scenario. No group of students was asked to 
respond to both scenarios because the time burden 
would have been excessive. Technical details about 

Table 3-1. Percentage distribution of students indicating 
 there is a computer at home that they use, by 
 scenario, grade 8: 2003

Is there a computer at 
home that you use?

Scenario Yes No 

Search 88 (1.3) 12 (1.3)

Simulation 86 (2.0) 14 (2.0)

NOTE: The number of students responding was 1073 for Search and 1027 
for Simulation. Detail may not sum to totals because of rounding. Standard 
errors of the estimates appear in parentheses.
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study. 

Table 3-2. Percentage distribution of students, by frequency of computer use, and by scenario, grade 8: 2003

How often do you use a computer at school?

Scenario Daily
2–3 times 
per week Once a week

Once every 
few weeks

Never or 
hardly ever

Search 20 (1.6) 23 (1.7) 14 (0.9) 24 (1.7) 19 (1.6)

Simulation 23 (1.4) 21 (1.5) 15 (1.1) 23 (1.3) 18 (2.0)

How often do you use a computer outside of school?

Scenario Daily
2–3 times 
per week Once a week

Once every 
few weeks

Never or 
hardly ever

Search 51 (1.7) 26 (1.4) 9 (0.7) 7 (1.0) 7 (0.9)

Simulation 53 (2.2) 25 (1.1) 7 (0.8) 7 (1.0) 8 (1.1)

NOTE: The number of students responding was 1073 for Search and ranged from 1029 to 1030 for Simulation. Detail may not sum to totals because of rounding. 
Standard errors of the estimates appear in parentheses.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study. 

Chapter 3: The TRE Student Sample—Attitudes Toward and Experiences With Technology 
and the Nature of Science Coursework

the methods used to obtain the student samples can 
be found in appendix B. 

 When students responded to one of the two TRE 
scenarios, they also responded to background ques-
tions designed to gather information about their 
familiarity with computers and science activities in 
school. Exploring the percentages of students who 
gave various responses to a selection of these back-
ground questions offers useful information about 
the kinds of knowledge, skills, and attitudes students 
reported bringing to the two scenarios.

 For example, how familiar with computers were 
the participating students? Tables 3-1 through 3-4 
display students’ responses to computer-related back-
ground questions. Consistent with previous NAEP 
studies (e.g., Horkay et al. 2005), table 3-1 shows that 
the majority of students (88 percent for Search and 
86 percent for Simulation) reported having a com-
puter at home that they use. In addition, approx-
imately 86 percent of students for Search and 85 
percent of students for Simulation reported that they 
use a computer outside of school at least once a week 
(see table 3-2). The percentages of students who 
reported using a computer once a week or more at 
school were approximately 57 percent for Search and 
59 percent for Simulation. 



Problem Solving in Technology-Rich Environments  35

 Apart from their apparent familiarity with comput-
ers, students also indicated feeling positively about 
using computers. Table 3-3 shows that approximately 
70 percent of students for Search and 74 percent of 
students for Simulation reported that they agreed or 
strongly agreed that they are more motivated to do 
schoolwork on a computer. Approximately 81 percent 

Table 3-3. Percentage distribution of students, by attitude statements toward computers and schoolwork, and by scenario, 
 grade 8: 2003

I am more motivated to do schoolwork on a computer.

Scenario
Strongly 

agree Agree Disagree
Strongly 
disagree

Never use a 
computer

Search 18 (1.3) 52 (2.2) 22 (1.2) 4 (0.6) 3 (0.6)

Simulation 25 (1.6) 49 (1.6) 19 (1.3) 4 (0.6) 3 (0.6)

I have more fun learning on a computer.

Scenario
Strongly 

agree Agree Disagree
Strongly 
disagree

Never use a
 computer

Search 33 (1.5) 48 (1.8) 15 (0.9) 2 (0.4) 2 (0.4)

Simulation 35 (1.5) 50 (1.6) 11 (1.1) 2 (0.4) 1 (0.3)

I get more done when using a computer for schoolwork.

Scenario
Strongly 

agree Agree Disagree
Strongly 
disagree

Never use a 
computer

Search 29 (1.3) 46 (1.6) 20 (1.0) 3 (0.5) 2 (0.6)

Simulation 32 (1.2) 48 (1.4) 15 (1.0) 3 (0.5) 2 (0.4)

NOTE: The number of students responding ranged from 1060 to 1070 for Search and ranged from 1018 to 1023 for Simulation. Detail may not sum to 
totals because of rounding. Standard errors of the estimates appear in parentheses.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational 
Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study. 

of students for Search and 85 percent of students 
for Simulation agreed or strongly agreed that they 
have more fun learning on a computer, and about 
75 percent of students for Search and 80 percent of 
students for Simulation agreed or strongly agreed 
that they get more schoolwork done when using a 
computer.
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 Students were also asked to what extent they 
used computers at home and at school: not at all, to 
a small extent, to a moderate extent, or to a large 
extent. As indicated by table 3-4, the most common 
pursuit was fi nding information on the Internet, fol-
lowed by using a word processor, using e-mail, and 
talking in chat groups. Approximately 87 percent of 
students for Search and 87 percent for Simulation 
reported fi nding information on the Internet to a 

Table 3-4. Percentage distribution of students, by extent of specifi c computer use, and by scenario, grade 8: 2003

Play computer games

Scenario Not at all Small extent Moderate extent Large extent

Search 8 (1.0) 44 (1.3) 36 (1.2) 12 (1.0)

Simulation 8 (1.0) 43 (2.0) 35 (1.7) 14 (1.1)

Use a word processor

Scenario Not at all Small extent Moderate extent Large extent

Search 10 (1.0) 23 (1.1) 40 (1.7) 27 (1.7)

Simulation 7 (0.9) 26 (1.4) 40 (1.6) 27 (1.3)

Make drawings/art on computer

Scenario Not at all Small extent Moderate extent Large extent

Search 25 (1.3) 48 (1.6) 18 (1.2) 8 (1.0)

Simulation 25 (1.2) 45 (1.5) 19 (1.0) 10 (1.0)

Make tables, charts or graphs on computer

Scenario Not at all Small extent Moderate extent Large extent

Search 26 (1.7) 46 (1.8) 22 (1.4) 7 (0.9)

Simulation 28 (1.6) 48 (1.9) 17 (1.1) 7 (0.9)

Look up information on a CD

Scenario Not at all Small extent Moderate extent Large extent

Search 18 (1.6) 33 (1.8) 29 (1.5) 20 (1.2)

Simulation 19 (1.1) 32 (1.4) 31 (1.3) 18 (1.1)

Find information on the Internet

Scenario Not at all Small extent Moderate extent Large extent

Search 2 (0.5) 10 (1.1) 32 (1.2) 55 (1.6)

Simulation 2 (0.5) 10 (1.0) 33 (1.7) 54 (1.5)

Use e-mail

Scenario Not at all Small extent Moderate extent Large extent

Search 19 (1.3) 17 (1.0) 23 (1.2) 41 (1.4)

Simulation 17 (2.0) 19 (1.3) 22 (1.6) 42 (2.0)

Talk in chat groups

Scenario Not at all Small extent Moderate extent Large extent

Search 25 (1.5) 20 (1.3) 20 (1.3) 35 (1.6)

Simulation 23 (1.7) 21 (1.6) 20 (1.5) 36 (2.2)

NOTE: The number of students responding ranged from 1068 to 1072 for Search and ranged from 1018 to 1029 for Simulation. Detail may not sum to totals 
because of rounding. Standard errors of the estimates appear in parentheses.
Source: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study. 

moderate or large extent, about 67 percent of stu-
dents for both scenarios reported using word proces-
sors to a moderate or large extent, approximately 64 
percent of students for both scenarios reported using 
e-mail to a moderate or large extent, and 55 percent 
of students for Search and 56 percent for Simulation 
reported talking in chat groups to a moderate or 
large extent. 
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 Because the TRE scenarios require students to 
solve science problems, information was collected 
about students’ science activities at school. Tables 3-5 
and 3-6 summarize this information. Table 3-5 indi-
cates that approximately 96 percent of students for 
Search and 96 percent for Simulation reported being 
enrolled in a science course, with most students for 
each scenario divided among Earth science, general 
science, and physical science classes. 

 According to table 3-6, students engaged in a vari-
ety of science activities. For instance, 68 to 77 percent 
of students reported that they were at least sometimes 

Table 3-5. Percentage distribution of students, by enrollment in particular science courses, and by 
 scenario, grade 8: 2003

Which best describes the science course you are taking?

Scenario
Not taking 

science Life science
Physical 
science Earth science

General 
science

Integrated 
science

Search 4 (0.7) 9 (0.9) 21 (2.9) 30 (3.0) 23 (1.9) 13 (1.4)

Simulation 3 (0.7) 9 (1.3) 23 (3.0) 31 (3.4) 20 (1.8) 13 (1.6)

NOTE: The number of students responding was 1067 for Search and 1027 for Simulation. Detail may not sum to totals because of 
rounding. Standard errors of the estimates appear in parentheses.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment 
of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study. 

engaged in such activities as designing their own 
experiments, carrying out experiments, and writing 
up results. (The responses “sometimes, but less than 
once a month” and “once a month or more” were 
combined to derive the “at least sometimes” mea-
sure.) Further, 61 to 73 percent of students reported 
at least sometimes using computers for download-
ing data from the Internet, for analyzing data, and 
for collecting data. Approximately one-half of the 
students said they at least sometimes used computer 
simulations in science.
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Table 3-6. Percentage distribution of students, by frequency of school science activities and scenario, grade 8: 2003

Design your own science experiment

Scenario Not taking science Once a month or more Sometimes, but less than once a month Never

Search 3 (0.8) 26 (1.3) 44 (2.3) 26 (2.5)

Simulation 2 (0.5) 34 (1.6) 43 (2.0) 22 (1.5)

Carry out science experiment

Scenario Not taking science Once a month or more Sometimes, but less than once a month Never

Search 3 (0.9) 26 (1.5) 42 (2.0) 29 (2.3)

Simulation 2 (0.4) 31 (1.9) 39 (2.0) 29 (1.9)

Write up results of science experiment

Scenario Not taking science Once a month or more Sometimes, but less than once a month Never

Search 4 (0.7) 29 (1.8) 39 (1.6) 28 (2.1)

Simulation 2 (0.4) 35 (1.8) 39 (1.8) 24 (1.7)

Talk to class about results of experiment

Scenario Not taking science Once a month or more Sometimes, but less than once a month Never

Search 3 (0.8) 21 (1.7) 39 (2.0) 37 (2.5)

Simulation 2 (0.4) 25 (1.8) 38 (1.5) 36 (1.6)

Collect data using computerized lab equipment

Scenario Not taking science Once a month or more Sometimes, but less than once a month Never

Search 4 (0.9) 25 (1.4) 36 (1.6) 36 (1.3)

Simulation 2 (0.4) 29 (1.5) 37 (1.3) 33 (1.2)

Download data from the Internet

Scenario Not taking science Once a month or more Sometimes, but less than once a month Never

Search 3 (0.8) 32 (1.8) 41 (2.1) 25 (1.3)

Simulation 2 (0.5) 33 (1.7) 36 (1.6) 29 (1.5)

Analyze data using computer

Scenario Not taking science Once a month or more Sometimes, but less than once a month Never

Search 3 (0.8) 28 (1.2) 41 (1.5) 28 (1.6)

Simulation 2 (0.4) 28 (1.2) 38 (1.4) 32 (1.5)

Use the Internet to exchange information with other students or scientists about experiments

Scenario Not taking science Once a month or more Sometimes, but less than once a month Never

Search 3 (0.8) 16 (1.4) 25 (1.2) 56 (1.9)

Simulation 2 (0.4) 13 (1.2) 21 (1.3) 64 (1.7)

Use computer simulations to perform experiments or explore science topics

Scenario Not taking science Once a month or more Sometimes, but less than once a month Never

Search 4 (0.9) 17 (1.5) 38 (1.6) 41 (1.8)

Simulation 2 (0.4) 16 (1.3) 33 (1.3) 49 (1.5)

NOTE: The number of students responding ranged from 1059 to 1069 for Search and ranged from 1009 to 1023 for Simulation. Detail may not sum to totals 
because of rounding. Standard errors of the estimates appear in parentheses.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study. 
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Chapter 4: Scoring TRE

As described in chapter 2, TRE employed an evidence-
modeling process for scoring in which student actions 
were fi rst identifi ed, then evaluated for correctness, 
and fi nally aggregated to create scores. The evalu-
ation portion of this process generally relied upon 
traditional approaches to machine scoring. In two 
cases, student inputs were handled differently. Stu-
dents’ typed responses to the open-ended motivating 
questions in the Search and Simulation scenarios 
were read and scored by human raters, and students’ 
search queries in the Search scenario were evaluated 
using c-rater, an Educational Testing Service (ETS) 
computer program that performs automated scoring 
of short constructed responses. These two cases are 
discussed in greater detail below.

The TRE Motivating Problems
The constructed-response questions that students an-
swered as part of the Search and Simulation scenarios 
are a central measure of students’ scientifi c inquiry 
synthesis skills. The questions, referred to in this 
report as “problems” or as “motivating problems,” 
are visible to students throughout their work on the 
scenarios because they were designed to inspire stu-
dents’ scientifi c inquiries in addition to serving as a 
measure of students’ understanding at the end of the 
process. The Search scenario presents a single moti-
vating problem, along with a set of multiple-choice 
questions, that students have 40 minutes in total to 
investigate and answer. The Simulation scenario uses 
three motivating problems, one in each of the three 
parts of the scenario. 

 Three motivating problems were originally offered 
in the pilot test of the TRE Search scenario; students 
had to respond to two of them. Two of the prob-
lems were dropped for a variety of reasons, however, 
including weak student performance and evidence 
that students did not have suffi cient time to com-
plete two problems. Having only a single motivating 
problem both severely limited the evidence available 

for estimating students’ profi ciency and increased the 
infl uence of problem context on performance. To in-
crease the likelihood that enough evidence would re-
main to measure students’ scientifi c inquiry synthesis 
skills and to reduce context effects, the second moti-
vating problem was replaced by four multiple-choice 
questions. The multiple-choice questions required 
students to draw conclusions about topics they were 
likely to encounter while investigating the motivating 
problem. The search capability remained available in 
case students needed to conduct additional searches 
before answering the multiple-choice questions.

 As is typical in National Assessment of Educational 
Progress (NAEP) item development, TRE staff wrote 
scoring guides (or evaluation rules, as they are more 
generally called in the Evidence-Centered Design 
[ECD] framework) concurrently with development 
of the motivating problems, and they revised those 
guides as the problems evolved through reviews and 
pilot testing. The guides contained either three or 
four levels, depending on how many meaningful dis-
tinctions in performance could be made reliably. In 
both the three- and four-level guides, the lowest level 
(denoted as “1”) was considered to be unacceptable 
performance and received no credit. The top level 
was considered to be “best.” Although responses in 
the highest category may have had some fl aws, what-
ever fl aws they had were considered to be minor. The 
scoring guides for the Search motivating problem 
and for Simulation motivating problem 1 used three 
levels, where a score of 3 was a “best” response, 2 was 
a “partial” response, and 1 was an “unacceptable” re-
sponse. Because an additional level of response could 
be qualitatively distinguished, the scoring guides for 
Simulation motivating problems 2 and 3 used four 
levels. A score of 4 was a “best” response, a score of 
3 was a “good” response, a score of 2 was a “partial” 
response, and score of 1 was an “unacceptable” 
response.
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Scoring Procedures
Scoring for the TRE motivating problems followed 
procedures similar to those used in scoring other 
NAEP assessments, for example, mathematics and 
science. One member of the NAEP ETS staff was 
assigned to train raters for the three Simulation ques-
tions, and a second staff member trained the same 
raters for the Search question. Prior to scoring, the 
trainer read through a sample of student responses 
for each problem and prepared materials with which 
to train and guide raters. A team of six raters was 
assembled to score the student responses. The raters 
were all members of the ETS staff; most were expe-
rienced test developers well versed in scoring proce-
dures.

 Meeting as a group under the direction of the 
trainer, the raters read a problem and its scoring 
guide to understand what was expected of students. 
The trainer then presented and explained an “an-
chor set” of actual student responses chosen to 
illustrate the range at each score point. Next, raters 
independently scored two sets of practice responses. 
These were discussed by the group until all the raters 
felt comfortable applying the scoring guide. During 
scoring, raters generally began by working in pairs 
until they had scored 20 or 30 responses. The paired 
scoring allowed raters to discuss further the scoring 
guides and their application to individual student re-
sponses. Diffi cult issues were brought to the attention 
of the entire team for resolution, and scoring guides 
were amended as necessary to guide the scoring of 
similar kinds of responses that might yet appear. 

Table 4-1. Interrater reliability in scoring constructed-
response motivating problems, grade 8: 2003

Task Scale
Number of 

second scores
Percent 

agreement

Search problem 1–3 268 90

Simulation problem 1 1–3 267 95

Simulation problem 2 1–4 258 89

Simulation problem 3 1–4 258 89

NOTE: The number of students responding was 1077 for Search and 1033 
for Simulation.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 When the raters were ready, they began to score 
on their own, and continued until they had read all 
the responses assigned to them. In all cases, scores 
were awarded based on the criteria that were set forth 
in the scoring guides and elaborated in the anchor 
and practice responses. As is typical in NAEP assess-
ments, raters were concerned only with the content 
of a student’s response, not with the quality of the 
prose or accuracy of the typing, except of course 
when poor writing and/or typing errors made it 
impossible to decipher what the student meant to say. 
Raters recorded their scores directly on the paper 
with the student’s printed response. The scores were 
then compiled into a spreadsheet for analysis. 

 To assess the reliability of scoring, 25 percent of 
all student responses were read and independently 
scored by a second rater, who was not privy to the fi rst 
rater’s grade, and the degree of agreement between 
raters was estimated. Clean printed copies of these 
student responses were distributed among all six rat-
ers in such a way that each rater served as a check on 
all the other raters. In cases of disagreement between 
the fi rst and second scores, the trainer read and as-
signed a resolved score to the response.

 Interrater reliability was within NAEP standards 
for all four problems. The reliability results are shown 
in table 4-1. For each problem, the table presents the 
scale range, the number of second scores, and the 
percent agreement.

Scoring Guides and Sample Student Responses
This section presents the four motivating problems 
from the Search and Simulation scenarios. For each 
motivating problem, the scoring guide, the distribu-
tion of scores, and sample student responses are 
presented. 
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Search Scenario
The motivating problem and scoring guide for the 
TRE Search scenario are given in fi gure 4-1. The 

motivating problem requires students to present 
three reasons why scientists use scientifi c gas balloons 
to explore space and the atmosphere. To respond to 
the problem, students have to fi nd useful web pages, 

Figure 4-1. Search motivating problem and scoring guide (evaluation rule), grade 8: 2003

Some scientists study space with large helium gas balloons. These balloons are usually launched from the ground 
into space but can also be launched from spacecraft near other planets. 

Why do scientists use these gas balloons to explore outer space and the atmosphere instead of using satellites, 
rockets, or other tools? Be sure to explain at least three advantages of using gas balloons. 

Base your answer on more than one web page or site. Be sure to write your answer in your own words!

Scoring Guide:

3—Best:  Response gives at least three advantages of using gas balloons.
Acceptable responses can include:
 Relatively cheap.
 Can be prepared in a relatively short amount of time.
 Can be launched from numerous locations.
 Payloads are recoverable and reusable (the balloons are NOT reusable).
 Can stay at a constant altitude.
 Can rise relatively slowly (making observations along the way).
 Float above much of the atmosphere, resulting in less interference.
 Can carry heavy payloads.
 Long fl ight duration.
 Flexibility in confi guration.
 Highly reliable.
 No pollution/better for the environment.
 Vibration-free.
 Low G-forces during take-off.
 Unmanned (meaning less risk to humans, cheaper to operate).
 Safe (must explain, i.e., no explosive fuels like in rockets, no crew).

Note: If students refer to hot air balloons or weather balloons instead of properly stating “helium gas balloons,” accept 
the answer as long as the advantages cited are true of helium gas balloons.
Do not accept (unless explained or placed in context):

 “Better.”
 “Faster.”
 “More effi cient.”
 “Easier to use.”
 Scientists receive information faster.
 Safer because they won’t fall on people.
 “They go high” (must explain why this is a benefi t).
 “Travel long distances.”

2—Partial:  Response gives one or two advantages of using gas balloons.
1—Unacceptable:  Response does not give any advantages of using gas balloons.

SOURCE: U.S Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Table 4-2. Percentage distribution of student scores on 
 Search motivating problem, grade 8: 2003 

Score Percentage 

3 - “best” 15 

2 - “partial” 35 

1 - “unacceptable” 43 

Blank or off-topic 6 

NOTE: The number of students responding was 1077. Detail may not sum to 
totals because of rounding.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

locate the necessary information within those pages, 
and present the information in their written answer. 
“Best” responses present three advantages, whereas 
“partial” responses present one or two advantages, as 
described in the scoring guide shown in fi gure 4-1.

 The third paragraph of the Search motivating 
problem contains two requirements for students: 
“Base your answer on more than one web page or 
site. Be sure to write your answer in your own words!”  
Student compliance with these requirements was not 
factored into scoring; the requirements were expect-
ed to prompt better work from students. 

 The two requirements were the result of discus-
sions that arose during the development of the 
Search scenario. The fi rst addressed the concern that 
students who hit upon a web page that listed numer-
ous advantages of scientifi c balloons (there were a 
few such pages among those available in the web 
universe for the Search scenario) could write their 
entire answers based on that page. Since the moti-
vating problem was designed to measure synthesis 
skills—that is, students’ abilities to gather and inte-
grate information from more than one place—TRE 
staff included the suggestion that students draw upon 
more than one page or site in their answer. 

  The suggestion for students to answer the moti-
vating problem in their own words grew from the 
concern, expressed by both TRE staff and the TRE 
Development Committee, that some students might 
copy their responses directly from the websites they 
visited. The Search scenario was designed to be as 
realistic as possible within the limitations of an assess-
ment environment. Since students doing research on 

their computers are able to copy and paste infor-
mation, it was strongly felt that students taking the 
Search scenario should be able to do the same. When 
the TRE pilot test confi rmed that some students were 
copying, and doing so without making any effort to 
cite their sources or to rewrite the information in 
their own words, TRE staff added the new wording 
to the motivating problem. However, Search scenario 
scoring did not penalize students who might have 
copied text without citations.

 As table 4-2 shows, 15 percent of students were 
able to give three advantages of using gas balloons, 
required for a “best” response; 35 percent could give 
a “partial” response with one or two advantages; and 
about one-half of all students received no credit on 
the question. For the purposes of calculating the 
mean, blank and off-topic responses were given the 
same value as an unacceptable response.
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 The two sample responses shown in fi gure 4-2 
received a score of 3, “best.”  The main difference 
among answers at this score level was in the specifi c 
advantages the students listed.

 The next two responses, shown in fi gure 4-3, re-
ceived scores of 2, “partial.”  In the fi rst response, the 
student did not provide enough detail in the second 
sentence for the rater to know whether there were 
two distinct points about human involvement being 
made. In the second response, no credit was awarded 
for saying simply that the balloon can fl y high, since 
satellites and rockets can also fl y high. To have re-
ceived credit, the answer would have needed further 
elaboration, such as a direct comparison to earth-
bound telescopes or an explanation of the advantage 
balloons have in taking measurements from within 
the stratosphere.

Figure 4-3. Two responses to the Search motivating 
 problem receiving a score of 2, “partial,” 
 grade 8: 2003

 they use these because they are less expsenive. A 
human dose not have to be in one and there is no 
risk of loseing lives.

 Scientists use balloons for space and atmospheri-
cal experiments because they can offer cababilities 
that can not be made through the use of rockets or 
airplanes. The three advantages of using balloons 
for research is that balloons can be set upalmost 
anywere and they can be ready for fl ight under 6 
months, and lastly they can fl y real high, about 26 
miles above the earth.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

Figure 4-4. A response to the Search motivating problem 
 receiving a score of 1, “unacceptable,” grade 8: 
 2003

You use the Balloon to go around the world and use 
them for Meteorology and explore outer space.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

Figure 4-2. Two responses to the Search motivating 
problem receiving a score of 3, “best,” 
grade 8: 2003

 One of the advantages of using a balloon is that is 
has a simple design and can hold a lot of weight. 
It also costs less to make a balloon rather than 
making a satelite. You can also launch them in the 
area you wish to conduct your experiment. It takes 
little time for it to be constructed as well. This is why 
it is better to have a balloon rather than a satelite or 
space shuttle.

 Using ballons to do scientifi c experiments has 
several advantages wich I will only name a few. 
The fi rst advantage is that they allow the payloads 
that they are carring to lift with out no vibrations 
or G-forces that a rocket would, and may damage 
the payload.  Another advantage is that the ballons 
are quickly launched and they are quickly recoverd 
allowing multiple fl ights on the same instruments. 
Another advantage is that balloons offer a low-
cost, quick-response method for doing scientifi c 
investigations and balloons are mobile, meaning 
they can be launched where the scientist needs to 
conduct the experiment.they are also cheap and 
safer for undergraduate and graduate students 
conducting work in scientifi c fi elds.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 The sample shown in fi gure 4-4, in which the re-
sponse does not actually give an advantage of scien-
tifi c gas balloons, is typical of many that received no 
credit.



44  Problem Solving in Technology-Rich Environments

Table 4-3. Distribution of student scores on Simulation 
 motivating problem 1, grade 8: 2003

Score Percentage

3 - “best” 23

2 - “partial” 44

1 - “unacceptable” 31

Blank or off-topic 2

NOTE: The number of students responding was 1033. Detail may not sum to 
totals because of rounding.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

Figure 4-5. Simulation motivating problem 1 and scoring guide, grade 8: 2003

How do different payload masses affect the altitude of a helium balloon? Support your answer with what you saw 
when you experimented.

Scoring Guide:

3—Best: Response contains a correct statement summarizing the relationship between mass and altitude, i.e., 
“The more mass the balloon carries, the lower the balloon altitude.”  AND, the response refers specifi cally to two 
experiments that support the summarization in one of the following ways:
 Two masses and two altitudes.
 Two masses.
 One mass with a clear comparative statement, e.g., “I used the 50 lb. mass and then the less mass I used the

 higher the balloon went.”
2—Partial: The response:
 Offers a comparative statement about the highest and lowest mass, e.g., “When I used the greatest mass, the

 balloon went lower than when I used the least mass.”
 Correctly summarizes the relationship but makes no reference to any specifi c masses.
 Correctly summarizes the relationship with reference to one specifi c experiment (mass) with NO comparative

 statement.
 Correctly summarizes the relationship but incorrectly refers to masses and/or altitudes (without being

 contradictory).
 Refers to data that support correct summarization of the relationship, but offers no summary statement.
 Correctly summarizes the data, but gives a conclusion that contradicts the summary and data.

1—Unacceptable:  The response:
 Offers an incorrect summary of the relationship between mass and altitude.
 Refers to data that do NOT support the correct relationship.
 Offers ONLY irrelevant information regarding volume, speed, or time.
 Offers nonsensical statements.
 Offers data and a summary statement that contradict each other.

SOURCE: U.S Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Simulation Scenario Problem 1
Figure 4-5 presents Simulation motivating problem 1 
and its scoring guide.

 As seen in table 4-3, about one-quarter of students 
received a score of “best” on the motivating problem, 
and 44 percent received partial credit. Almost one-
third of students wrote “unacceptable” answers. 
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 Figure 4-6 shows a student response that received a 
score of 3, “best.” The response correctly summarizes 
the relationship between mass and altitude and pro-
vides evidence to support it from three experiments, 
supplying more than the required two data points. 
One may argue that the student should have pro-
vided evidence from an experiment using the heavi-
est payload to show that the pattern continues with 
still greater mass. However, in the evidence model 
developed for the Simulation tasks, students’ choices 
of which experiments to run are captured separately 
and analyzed as part of their exploration skill rather 
than as part of their synthesis skill.

Figure 4-6. A response to Simulation motivating problem 
 1 receiving a score of 3, “best,” grade 8: 2003

The lower the payload mass, the higher the altitude 
the balloon reaches. For example, when you had 10 
pounds of payload mass, the balloon rose to 36211. 
When you had 30 lbs. of payload mass the balloon 
rose 28640 ft. When you had 50 lbs. of payload mass 
the balloon rose 22326 ft.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 The next example, given in fi gure 4-7, received 
a score of 2, “partial.”  The response gives a correct 
summary of the relationship between mass and alti-
tude, and refers to two experiments, but the specifi c 
data it provides are incorrect (the balloon actually 
reaches an altitude of 36,211 ft. with a 10 lb. payload).

Figure 4-7. A response to Simulation motivating 
 problem 1 receiving a score of 2, “partial,” 
 grade 8: 2003

when you put only ten pounds of payload then it will 
reach the height of about four thousand feet. When I 
put twenty pounds of pay load in the balloon it rose to 
a smaller height. So as the weight gets larger it will rise 
less and less

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

Figure 4-8. A response to Simulation motivating problem 
 1 receiving a score of 1, “unacceptable,” 
 grade 8: 2003

The more payload mass you have the higher the 
baloon will go. The higher payload mass I picked the 
higher the balloon went.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 Figure 4-8 gives an example of a response that 
received a score of 1, “unacceptable.”  As can be seen, 
the response gives an incorrect summary of the rela-
tionship between mass and altitude and provides no 
experimental data.
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Table 4-4. Percentage distribution of student scores on 
 Simulation motivating problem 2, grade 8: 
 2003

Score Percentage

4 - “best” 13

3 - “good” 18

2 - “partial” 33

1 - “unacceptable” 33

Blank or off-topic 2

NOTE: Number of students responding was 1033. Detail may not sum to 
totals because of rounding.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

Simulation Scenario Problem 2
Figure 4-9 shows the motivating problem and scoring 
guide for Simulation motivating problem 2.

 Table 4-4 shows the distribution of student scores 
for Simulation motivating problem 2. Approxi-
mately one-third of student responses were scored 
either “good” or “best,” and one-third were scored 
“partial.” One-third of the responses received a score 
of “unacceptable.” 

Figure 4-9. Simulation motivating problem 2 and scoring guide, grade 8: 2003

How do different amounts of helium affect the altitude of a helium balloon? Support your answer with what you saw 
when you experimented.

Scoring Guide:

4—Best: Response contains a correct explanation of the relationship between amount of helium and balloon altitude 
for a payload mass of 100 lb. A correct explanation states that once enough helium is in the balloon to get the 
balloon off the ground, the balloon will rise to a maximum altitude and no higher, even if more helium is added.
3—Good: Response makes one of the following two points related to the step function:
 A certain amount of helium is needed to get the balloon off the ground. OR
 The response indicates that once airborne, the balloon will reach a maximum altitude no matter how much 

helium is added. 
2—Partial: Response explains that more helium results in a higher altitude, or less helium results in a lower altitude.
1—Unacceptable: Response explains none of the points above or makes a declarative statement that the balloon 
does not rise.

NOTE ABOUT DESCRIBING THE BOTTOM OF THE STEP FUNCTION: For levels 3 and 4, the student must refer to more 
than one value of helium that fails to lift the balloon. If the student does not explicitly or implicitly state that there is 
a range of values for which balloon altitude is O and/or 2 feet and that below a certain amount of helium the balloon 
will remain on the ground, (e.g., “It took x amount of helium to lift the balloon…”), then the student MUST refer to 
more than one value of helium that fails to lift the balloon. 
Examples of explicit statements or statements that imply that there is a range of values for which balloon altitude is 0 
and/or 2 and that below a certain amount of helium the balloon will remain on the ground:
 It took x amount of helium to lift the balloon.
 Below x amount of helium, the balloon will not get off the ground.
 If there is not enough helium, the balloon will not go up.
 With 900 to 1500 cu. ft., it does not even move.

Do not accept answers that state that the balloon never rises.

SOURCE: U.S Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Figure 4-10. Two responses to Simulation motivating
 problem 2 receiving a score of 4, “best,”
 grade 8: 2003

 The amount of helium affects the balloon altitude. 
There must be at least 2500 cubic feet of helium 
for the balloon to even rise. After 2500 cubic feet 
the baloon altitude stays constant even if you add 
more helium. When i used less helium than 2500 
cubic feet the balloon did not gain any altitude. But 
after the 2500 cubic feet mark the balloons altitude 
stayed at approximately 10000 feet even after i tried 
almost 3000 cubic feet of helium

 There has to be at least 2500 cubic feet of helium 
for the balloon to move. And after that point the 
amount of helium does not affect the height that the 
balloon travels

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 The two student responses in fi gure 4-10 received 
scores of 4, “best.” The fi rst response is an excellent 
answer that describes the step function and uses data 
from several experiments for support. The second 
response is not as good as the fi rst—it was consid-
ered to be at the borderline between “good” and 
“best”—but it does meet the requirements for the 
top score by explaining that a minimum amount of 
helium is needed to lift the balloon and that once the 
maximum altitude is reached, additional amounts of 
helium have no further effect on altitude.

Figure 4-11. Two responses to Simulation motivating
 problem 2 receiving a score of 3, “good,” 
 grade 8: 2003

 Different amounts of helium affect the altitude of 
a helium balloon greatly. The more helium that is 
put into the balloon the faster it rises into the air 
(lower time to fi nal altitude). The total altitude did 
not always change when different amounts of helium 
were put into the balloon but when 2400 ft or less 
was was put into the balloon it could not support 
the weight of the payload mass that balloon barely 
liftede off of the round.

 After a certain amount of helium is used, a balloon 
with a the same amount of weight payload can not 
go past a certain altitude. It shows on the graphs 
after 2500 cubic feet of helium in a balloon a the 
ballon’s altitude levels off at 10000 feet.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 Responses that correctly described either the 
bottom or the top of the step function received a 
score of 3, “good.” The fi rst response in fi gure 4-11 
describes the bottom of the function well, but the 
phrase “the total altitude did not always change” is 
not a clear statement of what happens to the balloon 
after it lifts off the ground. The second response is 
written in reference to the top of the step function. 
The student may have wanted the fi rst phrase to de-
scribe the bottom threshold, but unlike the descrip-
tion of the top, it is not clear enough to demonstrate 
understanding.
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 Some anecdotal evidence from conversations with 
students at earlier stages of the project suggested that 
students simply did not want to believe the evidence 
in front of them; they were familiar with linear rela-
tionships but unused to seeing anything like a step 
function. When asked to describe the nonlinear pat-
tern from their experiments, students questioned or 
ignored the information in front of them and tried to 
express their answers in more familiar terms. 

 Finally, fi gure 4-13 shows a response that received 
a score of 1, “unacceptable.” By oversimplifying 
and failing to distinguish between different helium 
volumes, it draws an incorrect conclusion for the 
problem as a whole.

Figure 4-13. A response to Simulation motivating problem 
 2 receiving a score of 1, “unacceptable,” 
 grade 8: 2003

In my experimment I saw no matter what the volume 
the altitude was still the same

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

Figure 4-12. A response to Simulation motivating problem 
 2 receiving a score of 2, “partial,” grade 8: 
 2003

The more helium the higher the balloon goes up. The 
less helium the lower the balloon will rise.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 A score of 2, “partial,” was awarded to a special 
(and common) class of responses that offered an 
essentially true statement but entirely missed the 
nuances of the step function. The response in fi gure 
4-12 is an example. Students seem to have arrived at 
this type of answer by several different paths. For ex-
ample, students who ran only two experiments—one 
using too small an amount of helium to make the bal-
loon rise, and the other using an amount that lifted 
the balloon to its maximum altitude—would have 
shown a straight line rising from the fi rst data point 
to the second had they graphed their results. In the 
absence of further experiments, these students could 
easily, though incorrectly, conclude that a linear rela-
tionship existed, in which the greater the amount of 
helium the greater the altitude. 
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Simulation Scenario Problem 3
The motivating problem and scoring guide for the 
last of the three Simulation problems is shown in 
fi gure 4-14.

 Simulation 3 was clearly the most challenging for 
students. To be successful, students had to manipu-
late two variables instead of one, run many experi-
ments, synthesize a good deal of information, and 
express their complex fi ndings in a coherent way. 
As can be seen in table 4-5, less than 10 percent of 
responses received a score of 3 or better, and 44 per-
cent received scores of “unacceptable.”

Figure 4-14. Simulation motivating problem 3 and scoring guide, grade 8: 2003

How do amount of helium and payload mass together affect the altitude of a balloon? Support your answer with what 
you saw when you experimented. Refer to at least two masses.

Scoring guide

4—Best:  Response contains a correct explanation of the relationship between amount of helium and balloon altitude 
for more than one payload mass. This explanation can be described verbally without reference to specifi c values, 
only by referring to specifi c values, or by a combination of the two. A correct explanation portrays the step function 
for multiple payload masses: The amount of helium needed to lift the balloon is greater the greater the mass the 
balloon carries. Once airborne, balloons will reach a maximum altitude for a given mass no matter how much helium 
is added. The maximum altitude decreases as mass increases.
3—Good:  Response describes EITHER the bottom OR the top of the step function by making one of the following two 
points:·
 The amount of helium needed to lift the balloon is greater the greater the mass the balloon carries. OR
 Once airborne, balloons will reach a maximum altitude for a given mass no matter how much helium is added. The 

 maximum altitude decreases as mass increases.
2—Partial:  Response contains one of the following points that can be derived from problems 1 or 2:
 Below a certain amount of helium the balloon will not be able to get off the ground.
 The altitude the balloon reaches is lower the greater the mass.
 The balloon will reach a maximum altitude and go no higher when more helium is added.

OR 

Response contains a general response that takes both variables into consideration:
 Response explains that less mass and more helium result in a higher altitude (or more mass and less helium 

 results in a lower altitude).
 Response gives three data points with at least two different masses and volumes that suggest a linear relationship.

1—Unacceptable:  Response explains none of the points above.
 General response with one or both variables in wrong direction (“less mass and more helium results in lower 

 altitude;” “higher mass and more helium results in higher altitude”).
 Response simply gives two data points.

SOURCE: U.S Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Table 4-5. Percentage distribution of student scores on 
 Simulation motivating problem 3, grade 8: 
 2003

Score Percentage

4 - “best” 2

3 - “good” 7

2 - “partial” 43

1 - “unacceptable” 44

Blank or off-topic 4

NOTE:  Number of students responding was 1033. Detail may not sum to 
totals because of rounding.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.
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 To receive a score of 4, “best,” students had to de-
scribe the pattern of multiple step functions where, as 
mass increased, more helium was required to lift the 
payload off the ground, and the maximum altitude 
of the balloon decreased. Students were able to give 
their answers in any of three ways: by describing the 
pattern, by showing the pattern through the use of 
data, or by a combination of the two. The fi rst ex-
ample in fi gure 4-15 gives a good initial description, 
which could probably stand on its own, and then 
supports it with evidence. The second example suc-
ceeds through a combination of written description 
and data. It gives a clear description of the bottom 
of the step function where the “larger the payload 
of the balloon the more helium it takes to make the 
balloon take off,” whereas understanding of the top 
of the step function is suggested by the choice of data 
presented rather than by an explicit description.

Figure 4-15. Two responses to Simulation motivating 
 problem 3 receiving a score of 4, “best,” 
 grade 8: 2003 

 The greater the payload mass is the lower the 
maximum altitude for that balloon will be, and the 
more helium it will require to lift it off the ground. 
For a 10 pund payload mass it took 910 cubic feet 
of helium to get it a little bit off the ground. 975 
cubic feet lifted the 10 pound payload mass to 
its maximum hieght of 36211 feet above ground. 
With 50 pounds of payload mass 1700 cubic 
feet was needed to lift the payload 2 feet off the 
ground. At least 2400 cubic feet of helium was 
needed for the 50 pound payload mass to reach its 
maximum hieght of22326 feet above ground. During 
experimenting with the 110 pound payload mass 
2400 cubic feet of helium was required for a tiny 
lift off the ground, and at least 2616 cubic feet of 
helium was needed to reach its maximum height of 
7918 feet above ground.
 The ammount of helium and the mass of the 
payload affect the altitude of the balloon. The larger 
the payload of the balloon the more helium it takes 
to make the balloon take off. With 10 lbs. payload it 
took 910 cu. ft. of helium to make the balloon take 
off from the ground, and 975 cu. ft. of helium to 
have the balloon take off to its highest altitude. For 
50 lbs. of payload mass the balloon needed 1700 
cu. ft. of helium to go 2 ft. and 1875 cu. ft. of helium 
to go its highest altitude of 22326 ft. And for 110 
lbs. of payload it took 2400 cu. ft to go 2 ft. and 
2616 cu. ft. of helium to go to its highest altitude of 
7918 ft.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.
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 To earn a score of 3, “good,” responses had to 
demonstrate, through the use of description or data, 
an understanding of either the top or the bottom 
of the step function for multiple masses. The fi rst 
sample response in fi gure 4-16 received credit for its 
description of the top, the second response for its 
description of the bottom of the function.

Figure 4-16. Two responses to Simulation motivating 
 problem 3 receiving a score of 3, “good,” 
 grade 8: 2003 

 Together the helium and payload mass make up the 
whole experiment. The more helium, the higher the 
balloon fl ies. The higher the weight, the lower it will 
go. Once the weight reaches its maximum height, 
no mount of helium can make it go higher. With ten 
pounds of payload mass, the maximum altitude it 
could reach was 36211 feet. When I added more 
helium, it still stayed at 36211 feet altitude. With 
the 110 pound payload mass, the maximum altitude 
it could reach was 7918 feet. Once again, adding 
more helium could not change the maximum altitude 
for the balloon. My conclusion is that every payload 
mass has a maximum altitude no matter what 
amount of helium they are attached to.
 The amount of helium and payload mass both affect 
the altitude of the balloon. The more the payload the 
more amount of helium it is going to take to raise 
the balloon. The less the helium and the more the 
payload the balloon will not take off.

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 As seen in the scoring guide, a score of 2, “partial,” 
was awarded to responses that fell into either of two 
different categories: answers that gave a correct and 
relevant description of the balloon’s behavior except 
for a single variable (i.e., a description that could 
have come from the experiments in Simulation prob-
lems 1 or 2), or answers that addressed two variables 
but were very general or only partially correct. An 
example of the fi rst type is seen in the fi rst response 
in fi gure 4-17, which somewhat vaguely describes the 
bottom and top of the step function for a single mass. 
The second response considers two variables but sug-
gests a linear relationship between them.

Figure 4-17. Two responses to Simulation motivating 
 problem 3 receiving a score of 2, “partial,” 
 grade 8: 2003 

 If the payload is the same and there is enough 
helium to lift the balloon then it will always be the 
same altitude.
 if you have a low helium amount and a high mass 
u will not be able to get it up off the ground but if u 
have a high helium amount and a low mass u will go 
very high up because the helim won’t need to pull 
anything very heavy up with it so it can go up very 
high

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE:  U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

Figure 4-18. Two responses to Simulation motivating 
 problem 3 receiving a score of 1, 
 “unacceptable,” grade 8: 2003 

 I saw that the lower the pounds and the amount of 
helium the higher it went up.
 when the mass was 110 and the helium was 700, 
the balloon didn’t go anywhere. when the mass was 
50 and the helium was 1400, the balloon went 
really high

NOTE: Responses are the unedited, verbatim answers given by students.
SOURCE: U.S Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study. 

 “Unacceptable” responses were those giving incor-
rect summaries of balloon behavior or those giving 
no summaries and only one or two data points, as in 
the two examples in fi gure 4-18.
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C-rater and TRE Scoring
One measure of students’ exploration skill for the Search 
scenario was the degree to which students used terms rel-
evant to the motivating problem in their search queries. 

 C-rater, a computer program developed by ETS for 
scoring short-answer responses, was used to score the 
individual search queries. To make the c-rater program 
usable for TRE, c-rater models—abstract descriptions 
of possible student queries—were manually developed. 
These models were developed by a computer program-
mer working in consultation with a NAEP assessment 
developer. The models implemented an evaluation rule 
which was established by creating queries that logical 
analysis, query tryout, or pilot results suggested were as-
sociated with more or less profi cient searching. Profi cient 
searching tended to employ more specifi c terms (e.g., 
scientifi c gas balloon), including ones taken directly from 

the motivating problem, whereas less profi cient search-
ing frequently relied on generic terms (e.g. balloon). 
The evaluation rule used seven classes of query terms 
and a three-point scale of “full,” “partial,” or “no credit” 
(see appendix G). The rule involved the following two 
steps: fi rst, rate each search query for relevance on this 
three-point scale, 0-2; second, calculate the average rating 
for all of a student’s search queries and assign a value of 
“high” for results above 1.4, “medium” for 0.7–1.4, and 
“low” for below 0.7. 

 C-rater models were built by entering phrases or 
sentences into a user interface, shown in fi gure 4-19. 
For TRE, the model developer entered a phrase, “sci-
entifi c gas balloons research,” query shorthand for the 
idea that “scientifi c gas balloons are used for research.” 
Once the phrase was processed, the developer selected 
the term “research” as a required concept. Next, a set of 

Figure 4-19. Entering concepts into a c-rater model, grade 8: 2003

SOURCE: c-rater © 2003 by Educational Testing Service. All rights reserved.
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words similar to “research” was presented in a scrollable 
window, from which the developer would then have 
selected acceptable synonyms (e.g., “analysis,” “study,” 
“exploration,” “experiment”). Additional synonyms could 
be entered manually. 

 Once all of the required concepts were entered, 
the developer entered the scoring rules, which 
indicate what scores to assign to different combina-
tions of terms from the phrase when those terms are 
encountered in a student’s query.

 C-rater matches phrases in the response to its 
rules. The program always produces the same scores 
for a given student response, unless its scoring rules 
are changed. 

 In processing student queries, c-rater can recog-
nize and accept some misspelled words. For ex-
ample, the system recognized the strings “baloon” 
and “ballon” as being “balloon.” In addition, c-rater 

recognizes morphological variants of words—it 
recognizes that “exploring” and “explored” are forms 
of “explore.” The test developer can also enter noun 
compounds, such as “space shuttle,” so that c-rater 
will recognize the compound “space shuttle” but not 
“shuttle space.”

 The c-rater models constructed for scoring stu-
dents’ search queries were cross-validated based on a 
sample of 256 queries that were independently hand 
scored. The agreement between c-rater and human 
scores for this cross-validation set was 96 percent. 
The 4 percent of scores that were discrepant involved 
students typing “outer space” as a single word and 
misspellings that c-rater failed to recognize. C-rater’s 
scoring models were adapted to account for the 
incorrect spelling of “outerspace” before conducting 
the fi nal scoring of all student responses.
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Chapter 5:  The TRE Search Scenario Scales and Results

The TRE student model presented earlier proposed 
fi ve profi ciency scales: a TRE Search total score 
scale, a computer skills scale, a scientifi c explora-
tion scale, a scientifi c synthesis scale, and a scientifi c 
inquiry scale. The scientifi c exploration and scien-
tifi c synthesis scales were proposed as components 
of the scientifi c inquiry scale. Preliminary analysis 
of the TRE Search data, however, suggested that a 
separate scientifi c synthesis scale could not be empiri-
cally supported because of the number of items, or 
observables, associated with that scale. As a result, 
the scientifi c exploration and scientifi c synthesis 
scales were combined, resulting in three scales: a TRE 
Search total score scale, a scientifi c inquiry scale, and 
a computer skills scale. In addition, two observables, 
the degree of use of Help and the degree of use of 
Tips for Searching, were dropped from the analysis 
because they contributed little or nothing to the mea-
surement of student performance. One observable, 
number of searches for relevant hits, which was origi-
nally assigned to two TRE scales, was instead assigned 
only to the scientifi c inquiry scale to simplify the 
analysis. Finally, one observable that had been scored 
on a three-point scale (use of deletion for unwanted 
fi led pages) was recoded to dichotomous scoring.

 Scores on the TRE Search total scale were estimated 
using a Bayesian model that combines prior informa-
tion about students with student performance on the as-
sessment instrument. Prior information about students 
was based on data collected on 10 variables: (1) gender, 
(2) race/ethnicity, (3) disability status, (4) identifi cation 
as English language learner, (5) parents’ highest educa-
tion level, (6) number of types of reading-related items 
in the home, (7) eligibility for free or reduced-price 
lunch, (8) participation in Title I, (9) level of prior com-
puter knowledge, and (10) whether the TRE scenario 
was taken on a NAEP laptop computer. Defi ning such 
priors removes bias from the estimation of TRE means 
for student groups (Mislevy 1991). 

 In keeping with the methodology employed in 
standard NAEP analyses (Allen, Donoghue, and 
Schoeps 2001), this modeling approach produces 
population estimates (e.g., means and standard 
deviations) without generating scores for individual 
students. Instead, population estimates are obtained 
by drawing fi ve imputations, or plausible values, as 
commonly used in NAEP, for each student from 
the posterior distribution of profi ciency, given that 
student’s performance on the assessment instrument 
and the prior information described above. All means 
and correlations reported in this chapter employ 
these fi ve imputations, except where noted. A similar 
process was used to determine the scale score esti-
mates for computer skills and scientifi c inquiry. For 
convenience, all three scores were put on an arbitrary 
scale with a mean of 150 and a standard deviation of 
35.10 This chapter reports empirical results relating 
to the meaning of TRE Search scores and to student 
performance. 

The Meaning of the TRE Search Scores
Because the TRE study used measures that are experi-
mental, this chapter explores evidence for how well 
the TRE Search scenario scales captured the skills 
they were intended to summarize. The following 
sections are presented: internal consistency; the rela-
tions of student scores to students’ prior knowledge; 
the TRE scale intercorrelations; the correlations of 
each observable with each of the two scales (scientifi c 
inquiry and computer skills); the locations of the ob-
servables on the scales; the response probabilities for 
prototypic students (i.e., hypothetical students with 
low, medium, and high levels of profi ciency); and the 
relations of relevant student background information 
to performance.

10 This scale is intentionally different from the ones typically used in NAEP assessments to prevent confusion with those scales.
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Internal Consistency
Internal consistency indicates the degree to which 
student responses to individual items (or “observ-
ables”) in a scale are correlated, on average, with 
their responses to other items (or “observables”) in 
the same scale. Higher values for internal consistency 
suggest greater similarity across items in the underly-
ing skill being measured. For TRE, coeffi cient alpha, 
a conventional measure of internal consistency rang-
ing from 0.00 to 1.00, was used. For the TRE Search 
total score, which consisted of 11 observables, the 
value of this statistic was .74 (data not shown). For 
the TRE scientifi c inquiry score, which had 5 observ-
ables, the comparable value was .65 (data not shown). 
Finally, for the TRE computer skills score, consisting 
of 6 observables, the value was .73 (data not shown). 
The values for the TRE Search total score and for the 
computer skills score were higher than those for the 
typical NAEP hands-on science block, which, although
measuring skills different from the TRE Search sce-
nario, also includes extended, problem-solving tasks. 
The typical NAEP hands-on science block involves a 
30-minute exercise (in contrast to the approximately 
40 minutes allocated to TRE Search).11,12 For the 
2000 science assessment, the mean weighted internal 
consistency taken across three such blocks was .62.

Correlations of TRE Search Scores With Prior Knowledge 
Measures
The prior knowledge measures were intended to give 
a rough indication of the degree of student familiar-
ity with the science and computer-related concepts 
being assessed in the TRE Search scenario. The prior 
computer knowledge measure (which was common 
to all students regardless of scenario) consisted of 
10 multiple-choice questions about Internet search-
ing, word processing, spreadsheet use, and more 

Table 5-1. Weighted (disattenuated) correlations of TRE
 Search scores with prior knowledge measures,
 grade 8: 2003

TRE Search score
Prior computer 

knowledge measure
Prior science 

knowledge measure

   Total .61 .40

Computer skills .52 .33

Scientifi c inquiry .55 .39

NOTE: TRE = Technology-Rich Environments. N (number of students) = 1075.
All correlations are signifi cantly different from zero at p < .05. Students’ 
scores for a particular prior knowledge measure were deleted from this 
analysis if they were missing seven or more questions in the scale. 
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

11 A NAEP hands-on block is a section of experimental tasks and constructed-response test items administered to a student.
12 The TRE observables may not be completely independent, so the internal consistency estimates for the TRE scales may be
 infl ated.
13 Appendix I gives summary statistics for these measures.

general computer knowledge. The prior science 
knowledge measure (which was particular to students 
taking the Search scenario) comprised 10 multiple-
choice questions on concepts related to the science 
and uses of helium gas balloons. (See appendix D for 
the questions included on each measure.)

 Table 5-1 gives the (disattenuated) correlations of 
the TRE Search scores with the two prior knowledge 
measures—computer knowledge and science knowl-
edge. These correlations should be considered as 
only suggestive because the prior knowledge mea-
sures did not consist of a suffi cient number of items 
to be reliable or comprehensive in their coverage.13 
All of the correlations were signifi cantly different 
from zero statistically. Thus, students with more prior 
computer knowledge and more prior science knowl-
edge tended to perform better on each TRE Search 
score than did students with lower levels of prior 
knowledge.
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Intercorrelations of the Scales
Table 5-2 gives the (disattenuated) TRE scale inter-
correlations for the total sample and for gender and 
racial/ethnic student groups. As the table shows, 
in the overall sample, computer skills and scientifi c 
inquiry skill correlate about equally with the TRE 
Search total score (of which both computer skills and 
scientifi c inquiry skill are a part). In addition, the two 
scales correlate .57 with one another (as compared 
with values of  .90 to .93 for the intercorrelations of 
the 1996 main NAEP eighth-grade science assessment 
scales [Allen, Carlson, and Zelenak 1999]).  

Table 5-2. Number of students and weighted (disattenuated) intercorrelations of the TRE Search
 scales, by student characteristics, grade 8: 2003

Characteristic
Number of 

students

Computer 
skills with 

TRE Search total

Scientifi c 
inquiry with 

TRE Search total
Scientifi c inquiry 

with computer skills

Total 1,077 .68 .68 .57

Gender

Male 517 .69 .68 .57

Female 560 .67 .68 .56

Race/ethnicity

White 643 .60 .60 .46

Black 185 .69 .64 .59

Hispanic 188 .64 .60 .53

NOTE: TRE = Technology-Rich Environments. All correlations are signifi cantly different from zero at p < .05. Results are shown for 
three mutually exclusive race/ethnicity categories. Black includes African American, and Hispanic includes Latino. Race categories 
exclude Hispanic origin unless specifi ed.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National 
Assessment of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Correlations of the Observables With the TRE Scales
Examining the correlations of the observables with 
each scale can also help clarify the meaning of the 
TRE scales. First, these correlations can suggest the 
degree to which the data bear out the theoretical 
prediction implied by assigning an observable to a 
particular scale. Second, the correlations indicate 
roughly how important each observable is to produc-
ing the score for the scale to which it is assigned.
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 The correlations in table 5-3 also indicate the 
contribution of particular observables to a given scale 
score. It is clear from the table that, in this student 
sample, the scientifi c inquiry skill score was most 
highly related to the relevance of the pages visited or 
bookmarked, the quality of the constructed response 
to the Search question, and the degree of use of 
relevant search terms (r range = .51 to .71). In other 
words, students who received higher levels of credit 
for their performance on one or more of these ob-
servables were also likely to receive higher scientifi c 
inquiry scores.

Table 5-3. Weighted (disattenuated) correlations between score on each TRE observable
 and the TRE Search scales, grade 8: 2003

Observable Computer skills Scientifi c inquiry

Relevance of pages visited or bookmarked1 .17 .71

Accuracy/completeness on constructed-response question .39 .70

Degree of use of relevant search terms .33 .51

Number right on fi nal multiple-choice questions .28 .44

Average relevance of hits to motivating problem .20 .34

Use of hyperlinks to dig down .69 .37

Consistency of use of Back button .65 .36

Number of searches for relevant hits2 .65 .33

Use of bookmarking to save pages .60 .45

Use of advanced search techniques .46 .30

Use of deletion for unwanted fi led pages .24 .08

1 This observable combined the following three observables: average relevance of pages bookmarked, percentage of 
pages visited that are relevant, proportion of relevant to total pages bookmarked. 
2 The values for this observable were reversed (i.e., fewer searches received a higher score) to allow the correlation 
with scale score to be positive.
NOTE: TRE = Technology-Rich Environments. The bold values indicate that the scale named in the column label was 
the one to which an observable was assigned. All correlations are signifi cantly different from zero at p < .05. 
N (number of students) range = 672 to 1077. All scale scores include the observable being correlated.  
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, 
National Assessment of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

 Table 5-3 gives the (disattenuated) correlations of 
each observable with the two TRE subscales. (Cor-
relations with the TRE Search total score scale are 
not shown because this scale was measured by the 
two subscales and not directly by the observables.) In 
general, each observable was intended to measure 
performance on one scale (that is, to measure either 
computer skills or scientifi c inquiry skill). The pat-
tern of correlations bears out the hypotheses about 
which observables demonstrate which skill. That is, vi-
sual inspection suggests that the observables selected 
to measure computer skills and scientifi c inquiry 
correlate more highly in this student sample with the 
subscale to which they were assigned than they do 
with the other subscale.14

14 Two observables were dropped from the analysis: “degree of use of Help” and “degree of use of Tips for Searching,” which related to the 
subscales either marginally or not at all. Also, one observable, “number of searches for relevant hits,” which was originally assigned to two 
TRE scales, was instead assigned only to the scientifi c inquiry scale to simplify the analysis.
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Table 5-4. Observed correlation between score on each
 observable and raw score on the constructed-
 response Search question, grade 8: 2003

Observable
Search 

question

Relevance of pages visited or bookmarked1  .55*

Use of bookmarking to save pages .35*

Degree of use of relevant search terms .32*

Number right on fi nal multiple-choice questions .32*

Average relevance of hits to motivating problem .21*

Use of hyperlinks to dig down .21*

Use of advanced search techniques .21*

Number of searches for relevant hits2 .20*

Consistency of use of Back button .19*

Use of deletion for unwanted fi led pages .03

*Correlations are signifi cantly different from zero at p < .05.
1 This observable combined the following three observables: average 
relevance of pages bookmarked, percentage of pages visited that are 
relevant, proportion of relevant to total pages bookmarked. 
2 The values for this observable were reversed (i.e., fewer searches received 
a higher score) to allow the correlation with scale score to be positive.
NOTE: TRE = Technology-Rich Environments. Values are raw correlations and 
are not based on averages across imputations. The constructed-response 
Search question was scored on a 1–3 scale.
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 Similarly, table 5-3 indicates that scores on the 
computer skills scale were most highly associated 
with the use of hyperlinks, use of the Back button, 
the number of searches needed to get relevant hits 
(an effi ciency measure), and the use of bookmarking 
(r range = .60 to .69). Students who frequently used 
hyperlinks, the Back button, and bookmarking, and 
who found relevant information with fewer searches, 
were likely to receive higher computer skills scale 
scores. Thus, as modeled, the two scales do appear 
to differentiate themselves on the basis of the sub-
stantive aspects (i.e., content relevance and quality 
of response) versus the more technical aspects of 
electronic information search.

 While the correlational pattern suggests a differenti-
ation between the two scales, the data also suggest that 
specifi c computer-related behaviors were associated 
with higher levels of scientifi c problem solving with 
technology. Students who bookmarked, dug down with 
hyperlinks, employed the Back button, required fewer 
searches to get relevant hits, and used advanced search 
techniques also tended to get higher scientifi c inquiry 
scores. Further, as shown in table 5-4, students who 
evidenced these computer-related behaviors tended 
to provide better answers to the constructed-response 
question. 
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Locations of the Observables on the TRE Scales
Item maps are displays that give a context for inter-
preting score points on a given scale. They display the 
locations of observables on their respective scales by 
associating points on the scale with levels of correct-
ness for particular observables, and thus describe 
what groups of students who attain a particular scale 
score on average are likely to be able to do. These 
maps should be interpreted carefully, however. The 
mapping of an observable to a point on the profi -
ciency scale is based on an item response model and 
on estimated item parameters, so where an item is 
placed depends on the correctness of the underlying 
assumptions of the model and on how accurately the 
item parameters are estimated.15 Also, item locations 
depend on the choice of a probability for correctly 
responding. For purposes of the TRE study, this prob-
ability was set at 65 percent, the level routinely used 
in NAEP assessments for the mapping of constructed-
response items. With these caveats in mind, item 
maps can be a useful way of explicating profi ciency 
scales.

 Figure 5-1 shows an item map for the scientifi c 
inquiry scale. For mapping purposes, each observable 
has been transformed into one or more dichoto-
mous variables, where the number of such variables 
is one less than the number of levels of correctness 
for the observable. Thus, each location on the map 
represents the point on the scale at which at least 65 
percent of students were likely to have achieved the 
indicated level of correctness for a particular observ-
able. For example, posing a partially correct response 
to the motivating problem maps to a scale score of 
155. This mapping means that students who received 
a score of 155 or more on the scientifi c inquiry skill 
scale had at least a 65 percent chance of submitting 
an answer achieving a score of 2 on a 1–3 scale. Full 

credit for responding to the motivating problem 
maps to a score of 201. Students with a score of 201 
would have at least a 65 percent chance of submitting 
an answer achieving a top score of 3.

 By mapping observables to the scale in this way, 
the scale can be described qualitatively. From the low-
est mapped scale point, the ordering is as follows: 

 correctly answering some (either one or two)
  of the four multiple-choice items that require 
 web searching; 

 using search terms that, on average, match those
 of profi cient searchers only to a limited degree;

 constructing a response that only partially answers 
the motivating problem (i.e., giving only one or 
two advantages of using gas balloons);

 bookmarking or visiting pages that, on average, 
are only partially relevant to the problem posed;

 using search terms that, on average, match those of 
profi cient searchers to at least a moderate degree;

 bookmarking or visiting pages that, on average, 
are relevant to the problem posed;

 constructing a “best” response that gives a com-
plete answer to the motivating problem (i.e., gives 
three or more advantages of using gas balloons);

 correctly answering at least three of the four mul-
tiple-choice items that require web searching;

 producing at least one set of search results with 
hits that, on average, are only partially relevant to 
the problem posed (i.e., have relevance scores av-
eraging between 2 and 3 on a 4-point scale, where 
a score of 4 denotes the most relevant hits); and

 producing at least one set of search results with 
hits that, on average, are relevant to the problem 
posed (i.e., have relevance scores averaging be-
tween 3 and 4 on a 4-point scale, where a score of 
4 denotes the most relevant hit).

15 Item mapping was done with item parameters from a scaling employing the operational, univariate NAEP IRT model as implemented by 
the PARSCALE program. This approach was used because no similar procedure was available within the Bayesian modeling framework. 
Since the two approaches do not generate equivalent item parameters, the PARSCALE item parameters were transformed so that they 
would estimate a profi ciency with similar mean and variance as the item parameters from the Bayesian analysis.
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Figure 5-1. Mapping of TRE Search observables to the scientifi c inquiry scale, grade 8: 2003

NOTE: TRE = Technology-Rich Environments. Each position on the map indicates the scale score at which students had a 65 percent probability of successfully 
attaining a given level of correctness for a particular observable. The estimated score mapping for “Produced at least one set of relevant search results” was above 
the scale maximum of 300 and is included in the fi gure for completeness.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

 302 Produced at least one set of relevant search results

 231 Produced at least one set of partially relevant search results
 229 Answered most or all multiple-choice questions correctly

 201 Posed a “best” answer to the motivating problem
 190 Visited or bookmarked pages relevant to problem
 186 Used relevant search terms to at least a moderate degree
 177 Visited or bookmarked pages only partially relevant to problem

 155 Posed a partially correct response to the motivating problem

 130 Used partially relevant search terms

 114 Answered some multiple-choice questions correctly
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75th percentile 174

50th percentile 151

25th percentile 126
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 Figure 5-2 is an item map for the computer skills 
scale. From lowest mapped scale point to the highest, 
the ordering is as follows:

 using the Back button occasionally (3–4 times) to
 navigate among web pages or from web pages to
 the search page; 

 using hyperlinks with limited frequency (1–2 
times) to explore web pages linked to the page 
currently being viewed;

 using hyperlinks with moderate frequency (3–4 
times) to explore web pages linked to the page 
currently being viewed;

 using the Back button frequently (at least 5 times) 
to navigate among web pages or from web pages to 
the search page;

 using bookmarks with limited frequency (1 time);

 using hyperlinks frequently (at least 5 times) to ex-
plore web pages linked to the page currently being 
viewed;

 returning relevant results after a moderate num-
ber of attempts (4–6);

 using bookmarks with at least moderate frequency 
(2 or more times); 

 returning relevant results after only a small num-
ber of attempts (1–3);

 using advanced search techniques with limited
 frequency (1–2 searches);

 using advanced search techniques with at least 
moderate frequency (3 or more searches); and

 using Delete to remove a page that had been book-
marked.

Appendix J gives the percentages of students achieving 
each of the observable behaviors.

Response Probabilities for Prototypic Students
Examining the response probabilities for prototypic 
students (i.e., hypothetical students with high, me-
dium, or low levels of profi ciency) also affords a way 
to gain insight into the meaning of the TRE scales. 
The required probabilities can be generated empiri-
cally from the item response model for students with 
different prototypic levels of standing on the TRE 
profi ciencies (e.g., students who are known to be at a 
high level of scientifi c inquiry as compared with those 
who are known to be at a medium or low level). The 
probability of achieving each observable can then be 
examined to see how prototypic students differ and if 
those differences are logically meaningful. 
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Figure 5-2. Mapping of TRE Search observables to the computer skills scale, grade 8: 2003

NOTE: TRE = Technology-Rich Environments. Two items, degree of use of Help and degree of use of Tips for Searching, are not included on the item map because 
they discriminated very little between high- and low-performing students, and therefore were not reliable measures of the scale. Each position on the map 
indicates the scale score at which students had a 65 percent probability of successfully attaining a given level of correctness for a particular observable.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

 269 Used Delete for unwanted pages 

 244 Used advanced search techniques with moderate frequency

 201 Used advanced search techniques with limited frequency

 169 Returned relevant hits after a small number of attempts
 156 Used bookmarks with moderate frequency
 154 Returned relevant hits after a moderate number of attempts
 153 Used hyperlinks to dig down frequently 

 141 Used Back button frequently
 141 Used bookmarks with limited frequency
 140 Used hyperlinks to dig down with moderate frequency

 129 Used Back button occasionally
 129 Used hyperlinks to dig down with limited frequency
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 Tables 5-5 and 5-6 show the response probabilities 
for prototypic students with different levels of scien-
tifi c inquiry skill and computer skills, respectively. 
For these tables, the prototypic levels were defi ned by 
separately dividing in turn the scientifi c inquiry and 
computer skills score distributions into thirds and 
taking the midpoint in the bottom third as the pro-
totypic low-level student, the midpoint in the center 
third as the prototypic middle-level student, and the 
midpoint in the top third as the prototypic high-level 
student. These values were then used to fi x the profi -
ciency level in the response model for generating the 
probability of achieving each of the levels of correct-
ness on each of the observables. 

 The response probabilities are generally compared 
in the following way: First, the prototypic low-level 
student is described by identifying the level of cor-
rectness that student is likely to achieve on each ob-
servable. Next, the prototypic medium-level student 
is described in terms of only those observables that 
would distinguish this student from the prototypic 
low-level student (i.e., only those observables on 
which the two students would be likely to attain dif-

ferent degrees of correctness). Finally, the prototypic 
high-level student is differentiated from the proto-
typic medium-level student in a similar fashion.

 As table 5-5 shows, the prototypic student at a 
low level of scientifi c inquiry skill was most likely to 
receive no credit for responses to the constructed-re-
sponse question (motivating problem), the relevance 
of pages bookmarked, and the average relevance of 
hits returned from search results. This student was 
also most likely to receive partial credit for responses 
to the multiple-choice questions and for the degree 
of use of relevant search terms. Though the response 
probabilities differed, the pattern for the medium 
level of scientifi c inquiry was very similar. The main 
exception was that the student at this level was more 
likely to receive partial credit (rather than none) for 
answering the constructed-response question. Finally, 
in contrast to the low- and medium-level students, 
the student at a high level of scientifi c inquiry was 
most likely to get partial credit (rather than none) 
for bookmarking relevant pages and to get full credit 
(rather than partial credit) for the degree of use of 
relevant search terms.

Table 5-5. Probability of responding to observables on TRE Search for prototypic students, by level of scientifi c inquiry and level 
of correctness of observable response, grade 8: 2003

Observable

Low level of 
scientifi c inquiry 

Medium level of 
scientifi c inquiry

High level of 
scientifi c inquiry

No 
credit1

Partial 
credit

Full 
credit

No 
credit1

Partial 
credit

Full 
credit

No 
credit1

Partial 
credit

Full 
credit

Accuracy/completeness 
on constructed-response 
question .88 .11 .01 .44 .50 .05 .08 .57 .35

Relevance of pages visited 
or bookmarked2 .99 .01 .00 .85 .12 .03 .21 .40 .39

Number right on fi nal 
multiple-choice questions .30 .64 .05 .13 .73 .14 .05 .63 .32

Degree of use of relevant 
search terms .37 .52 .12 .16 .55 .29 .06 .38 .56

Average relevance of hits to 
motivating problem .98 .02 .00 .92 .07 .00 .76 .22 .01

1 No credit, partial credit, and full credit are the levels of correctness of response specifi c to each observable. 
2 “Relevance of pages bookmarked” combines three observables: Average relevance of pages bookmarked, percentage of pages visited that are relevant, and 
proportion of relevant to total pages bookmarked.
NOTE: TRE = Technology-Rich Environments. Highest probability for each level is shown in bold. Detail may not sum to totals because of rounding.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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 The response probabilities for computer skills, 
which were computed in a manner similar to that for 
scientifi c inquiry, are shown in table 5-6. As the table 
shows, for this scale one observable has two levels 
of correctness (no credit, full credit), some observ-
ables have three levels (no credit, partial credit, full 
credit), and one has four levels (no credit, low-
partial credit, high-partial credit, full credit).  The 
prototypic student with a low level of computer skills 
was likely to receive no credit for using hyperlinks, 
employing the Back button, getting relevant hits with 
few searches, bookmarking, using advanced search 
techniques, and deleting unwanted pages that had 

previously been bookmarked. The medium-level-of-
computer-skills student diverged from this no-credit 
pattern by being likely to receive partial credit for 
getting relevant hits with few searches and full credit 
for using hyperlinks, employing the Back button, 
and bookmarking. Finally, the high-computer-skills 
student was likely to receive full credit for getting 
relevant hits with few searches. This hypothetical stu-
dent also showed probability distributions for using 
hyperlinks, the Back button, and bookmarking that 
appeared generally more peaked at full credit than 
did the corresponding distributions for the medium-
computer-skills student.

Table 5-6. Probability of responding to observables on TRE Search for prototypic students, by level of computer skills 
and level of correctness of observable response, grade 8: 2003

1 No credit, partial credit (including low-partial and high-partial), and full credit are the levels of correctness of response specifi c to each observable. 
2 The values for this observable were such that fewer searches received higher levels of credit.
NOTE: TRE = Technology-Rich Environments. Highest probability is shown in bold. Detail may not sum to totals because of rounding.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Observable

Low level of computer skills Medium level of computer skills High level of computer skills

No
credit1

Partial 
credit

Full
credit

No
credit1

Partial 
credit

Full
credit

No
credit1

Partial 
credit

Full
credit

Consistency of 
use of 
Back button .48 .23 .29 .09 .12 .80 .01 .02 .97

Number of 
searches for 
relevant hits2 .76 .18 .06 .33 .37 .30 .07 .20 .73

Use of 
bookmarking 
to save pages .59 .18 .23 .20 .17 .62 .04 .05 .90

Use of advanced 
search 
techniques .90 .09 .01 .72 .23 .05 .43 .43 .14

Observable

Low level of computer skills Medium level of computer skills High level of computer skills

No credit1 Full credit No credit1 Full credit No credit1 Full credit

Use of deletion 
for unwanted 
fi led pages .96 .04 .91 .09 .81 .19

Observable

Low level of computer skills Medium level of computer skills High level of computer skills

No
credit1

Low-
partial 
credit

High-
partial 
credit

Full 
credit

No
credit1

Low-
partial 
credit

High-
partial 
credit

Full 
credit

No
credit1

Low-
partial 
credit

High-
partial 
credit

Full 
credit

Use of 
hyperlinks 
to dig down .46 .25 .17 .13 .09 .13 .23 .55 .01 .02 .06 .91
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TRE Performance as a Function of Relevant Background 
Experience
TRE Search scores should be related in logically 
meaningful ways to students’ reports of their back-
ground experiences. Figures 5-3 to 5-6 present data 
on the relationship of TRE Search score to responses 
to relevant computer-related background questions. 
(Supplementary data for these fi gures are available in 
appendix I.) In the fi gures, T stands for TRE Search 
total score, S stands for TRE Search scientifi c inquiry 
score, and C stands for TRE Search computer skills 
score. If the performance of students who gave the 
response named to the left of the row was signifi cant-
ly different statistically on one of the scales from that 
of students giving the response named at the top of 
a column, the cell where the row and column inter-
sect is shaded. Which response was associated with 
higher TRE performance is indicated by whether the 
shading is light or dark. Dark shading indicates that 
students who gave the row response had a higher 
score on at least one of the three TRE measures than 
the students who gave the response named at the top 
of the column to the same question. For example, 
for the question “Find information on the Internet,” 
those who indicated that they used the computer 
to fi nd information on the Internet to a moderate 
extent had higher scores on all three scales than 
students who reported they used the computer in this 
way to a small extent. This result is indicated by the 
darker shading in the cell at the intersection of the 
moderate row and the small column, and by the letters 
in that cell, T, S, and C, which refer to the three TRE 
scores.

 As a general observation, most of the statistically 
signifi cant differences in performance by back-
ground question carried across all three TRE Search 
scales. That is, there was little evidence from the 
background questions that the TRE scales were func-
tioning differently from one another. At the same 
time, there were differences that did seem relevant to 
understanding the meaning of the TRE Search scores 

overall. For example, as fi gure 5-3 shows, students 
who reported more frequent use of a word proces-
sor (background question 2 in appendix D) scored 
better on average on all three TRE scales than those 
who reported not using a word processor at all. Other 
statistically signifi cant differences in scores associated 
with word processor use also appear, always in the 
expected direction of more use suggesting higher 
scores. One plausible explanation is that TRE Search 
requires some degree of word processing skill in or-
der to compose an answer to the motivating problem. 
Another is that students who use word processors may 
tend to be more academically skilled in general.

 TRE Search also requires students to gather rel-
evant information from a simulated World Wide Web. 
Figure 5-3 indicates that students who reported using 
the computer to fi nd information on the Internet 
(background question 6 in appendix D) to a moder-
ate or large extent scored higher on average on all 
three TRE Search scales than students who reported 
using the Internet to a small extent for fi nding 
information.

 Positive relations were also found between TRE 
Search performance and students’ reports of the fol-
lowing uses of computers: e-mail (fi gure 5-3, back-
ground question 7 in appendix D), talking in chat 
groups (fi gure 5-3, background question 8 in appen-
dix D), using a computer outside of school (fi gure 
5-4, background question 11 in appendix D), and 
having a computer in the home that the student uses 
(fi gure 5-5, background question 12 in appendix D).

 For some uses of the computer, however, more 
use was not associated with higher performance on 
the TRE Search scales. For example, students who re-
ported using the computer to make drawings or cre-
ate artwork on the computer to a large extent (fi gure 
5-3, background question 3 in appendix D) scored 
lower on average on all three TRE Search scales than 
students who reported engaging in these activities to 
a small extent or not at all. 
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Use a word processor

Response Not at all Small Moderate Large

Not at all † T, S, & C T, S, & C T, S, & C

Small T, S, & C † T T, S, & C

Moderate T, S, & C T † C

Large T, S, & C T, S, & C C †

Make drawings/art on computer

Response Not at all Small Moderate Large

Not at all † T, S, & C

Small † T, S, & C

Moderate † C

Large T, S, & C T, S, & C C †

Make tables, charts or graphs on computer 

Response Not at all Small Moderate Large

Not at all † T & C

Small T & C † T & C

Moderate † T & C

Large T & C T & C †

Look up information on a CD

Response Not at all Small Moderate Large

Not at all †

Small † T

Moderate † T

Large T T †

Find information on the Internet

Response Not at all Small Moderate Large

Not at all †

Small † T, S, & C T, S, & C

Moderate T, S, & C †

Large T, S, & C †

Use e-mail 

Response Not at all Small Moderate Large

Not at all † T, S, & C T, S, & C

Small † T & C

Moderate T, S, & C †

Large T, S, & C T & C †

Talk in chat groups

Response Not at all Small Moderate Large

Not at all † T, S, & C

Small †

Moderate †

Large T, S, & C †

† Not applicable.
T = TRE Search total score.
S = TRE Search scientifi c inquiry score.
C = TRE Search computer skills score.
NOTE: TRE = Technology-Rich Environments. Column headings in table 
correspond to student questionnaire response categories as follows: Not at 
all = not at all; Small = small extent; Moderate = moderate extent; Large = 
large extent.
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 Indicates that at least one of the three types of scores was 
signifi cantly higher at the .05 level for students giving the 
response at the left of the row than for those giving the response 
at the top of the column.

 Indicates that there was no signifi cant difference in any of the 
three types of scores between students giving the response at 
the left of the row and those giving the response at the top of the 
column.

 Indicates that at least one of the three types of scores was 
signifi cantly lower at the .05 level for students giving the response 
at the left of the row than for those giving the response at the top 
of the column.

Figure 5-3. Relationship between TRE Search performance and reported type of computer use, grade 8: 2003
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Figure 5-5. Relationship between TRE Search performance 
 and presence of a home computer that the 
 student uses, grade 8: 2003

Is there a computer at home that you use?

Response Yes No 

Yes † T, S, & C
No T, S, & C †

† Not applicable.
T = TRE Search total score.
S = TRE Search scientifi c inquiry score.
C = TRE Search computer skills score.
NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 Indicates that at least one of the three types of scores was 
signifi cantly higher at the .05 level for students giving the 
response at the left of the row than for those giving the response 
at the top of the column.

 Indicates that there was no signifi cant difference in any of the 
three types of scores between students giving the response at 
the left of the row and those giving the response at the top of the 
column.

 Indicates that at least one of the three types of scores was 
signifi cantly lower at the .05 level for students giving the 
response at the left of the row than for those giving the response 
at the top of the column.

Figure 5-4. Relationship between TRE Search performance and reported frequency of computer 
 use outside of school, grade 8: 2003

How often do you use a computer outside of school?

Response Daily
2–3 times 
per week Once a week

Once every 
few weeks

Never or 
hardly ever

Daily † T, S, & C T, S, & C T, S, & C T, S, & C
2–3 times per week T, S, & C † T, S, & C T, S, & C
Once a week T, S, & C † T, S, & C T, S, & C
Once every few weeks T, S, & C T, S, & C T, S, & C †
Never or hardly ever T, S, & C T, S, & C T, S, & C †

† Not applicable.
T = TRE Search total score.
S = TRE Search scientifi c inquiry score.
C = TRE Search computer skills score.
NOTE: TRE = Technology-Rich Environments. 
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National 
Assessment of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

 Indicates that at least one of the three types of scores was signifi cantly higher at the .05 level for students giving 
the response at the left of the row than for those giving the response at the top of the column.

 Indicates that there was no signifi cant difference in any of the three types of scores between students giving the 
response at the left of the row and those giving the response at the top of the column.

 Indicates that at least one of the three types of scores was signifi cantly lower at the .05 level for students giving 
the response at the left of the row than for those giving the response at the top of the column.

Figure 5-6. Relationship between TRE Search performance 
 and reported use of the Internet for sharing 
 information about science experiments, 
 grade 8: 2003 

Use the Internet to exchange information with other students or 
scientists about experiments

Response

Not 
taking 

science

Once a 
month 

or more

Less than 
once a 
month Never

Not taking science †
Once a month 
or more †
Less than once 
a month † S
Never S †

† Not applicable.
T = TRE Search total score.
S = TRE Search scientifi c inquiry score.
C = TRE Search computer skills score.
NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 Indicates that at least one of the three types of scores was 
signifi cantly higher at the .05 level for students giving the 
response at the left of the row than for those giving the response 
at the top of the column.

 Indicates that there was no signifi cant difference in any of the 
three types of scores between students giving the response at the 
left of the row and those giving the response at the top of the column.

 Indicates that at least one of the three types of scores was 
signifi cantly lower at the .05 level for students giving the 
response at the left of the row than for those giving the response 
at the top of the column.
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 Other exceptions to the general result that more 
computer use was associated with higher scores on 
the TRE Search scales are to be found in fi gure 5-3, 
background question 4, relating to using the comput-
er to make tables, charts, or graphs; fi gure 5-3, back-
ground question 5, asking about using the computer 
to look up information on a compact disk; and fi gure 
5-6, background question 33, which asked how often 
students used the Internet to exchange information 
with other students or scientists about experiments. 

 There were no statistically signifi cant differences 
on the TRE scales between students who reported 
different levels of computer use at school, between 
those who reported different frequencies of down-
loading scientifi c data from the Internet, and be-
tween those who reported different frequencies of 
using a computer to analyze data (not shown).16 

 Finally, information was also collected about 
students’ activities in science class, for example, the 
frequency of carrying out science experiments. In 
almost every case, the numbers of students in the vari-
ous response intervals for each background question 
were too small for signifi cance tests to be performed, 
or data based on those questions bore no statistically 
signifi cant relationship to TRE Search performance 
(data not shown).

Performance by Student Groups
How did students perform on average? For the full 
sample, the mean on the TRE Search total score scale 
is set to an arbitrary value, that is, to a number chosen 
for convenience to denote the average score for the 
sample. However, scores can be examined for NAEP 
reporting groups defi ned by gender, race/ethnicity, 
parents’ highest education level, students’ eligibility 
for free or reduced-price school lunch, and school 
location. (See table 5-7 for performance results for 
student groups.) Statistically signifi cant differences in 
performance were found on one or more TRE scales 
for all student groups except by gender. (See appendix 
H for graphical representations of statistically signifi -
cant differences.) Notably, there was no evidence that 
female students were different from male students in 
their performance on either the scientifi c inquiry or 
computer skills components of the Search scenario.

Performance by Racial/Ethnic Group
NAEP uses school-reported data about students’ 
race/ethnicity. For the TRE scientifi c inquiry scale, 
the performance of White students (mean scale 

score = 160) was signifi cantly higher statistically than 
that of Black students (t, 41 = 10.59, p < .05), who 
attained a mean scale score of 125, as well as that of 
Hispanic students (t, 4 = 4.42, p < .05), who attained 
a mean scale score of 137. 

 For computer skills, too, the average performance 
of White students (mean scale score = 158) was 
signifi cantly higher statistically than that of Hispanic 
students (t, 10 = 4.19, p < .05), who attained a mean 
scale score of 142, as well as that of Black students 
(t, 27 = 7.92, p < .05), who attained a mean scale score 
of 128. Also, the mean score for Hispanic students 
was higher than the mean for Black students 
(t, 18 = –2.87, p < .05). 

Performance by Parents’ Highest Education Level  
Statistically signifi cant performance differences were 
also apparent among students who reported different 
levels of parental education. Students who reported that 
a parent had graduated from college (mean scale 
score = 157) scored signifi cantly higher statistically on 
the TRE Search total score than those students who 
reported that their parents did not fi nish high school 
(mean scale score = 133) (t, 45 = –5.45, p < .05), and 
also higher than those who reported that a parent had 
graduated from high school (mean scale score = 142) 
(t, 47 = –3.00, p < .05). Students who reported that a 
parent had some education after high school (mean 
scale score = 155) had higher mean scores than students 
reporting that their parents had not graduated from 
high school (mean scale score = 133) (t, 54 = –4.66, 
p < .05), as well as higher scores than those reporting 
that a parent had graduated from high school (mean 
scale score = 142) (t, 56 = –2.48 p < .05).

 The scientifi c inquiry score of students reporting 
that a parent had graduated from college (mean scale 
score = 156) was signifi cantly higher statistically than 
the score of students reporting that their parents had 
not fi nished high school (mean scale score = 135) 
(t, 39 = –4.22, p < .05), and also higher than those 
who reported that a parent had graduated from high 
school (mean scale score = 143) (t, 58 = –3.47, p < .05). 
Also, students who had a parent with some education 
after high school (mean scale score = 154) had statisti-
cally signifi cantly higher scientifi c inquiry scores than 
students reporting that a parent had graduated from 
high school (mean scale score = 143) (t, 61 = –2.70, 
p < .05), and higher scores than students reporting 
that their parents had not fi nished high school (mean 
scale score = 135) (t, 43= –3.63, p < .05).

16 The analyses presented in fi gures 5-3 to 5-6 did not control for other student background variables, such as socioeconomic status (SES). 
It is possible that holding such variables constant would produce a different pattern of relations between reported computer use and 
TRE scores from that described above.
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 There were also several statistically signifi cant 
differences among score distributions for computer 
skills. Students reporting that a parent had gradu-
ated from college (mean scale score = 155) scored 
signifi cantly higher statistically than students report-
ing that a parent had graduated from high school 
(mean scale score = 145) (t, 44 = –2.70, p < .05). 
Students with a parent who had some education after 
high school (mean scale score = 154) also received 
computer skills scores that were signifi cantly higher 
statistically than those with a parent who had gradu-
ated from high school (mean scale score = 145) 
(t, 46 = –2.38, p < .05). Students reporting that their 
parents did not fi nish high school (mean scale score 
= 139) scored signifi cantly lower statistically than 
those reporting that a parent had graduated from 
college (mean scale score = 155) (t, 31 = –3.11, 
p < .05), as well as lower than those reporting that 
a parent had some education after high school 
(mean scale score = 154) (t, 32 = –2.87, p < .05). 

Performance by Students’ Eligibility for Free or 
Reduced-Price School Lunch  
Several statistically signifi cant differences among 
score distributions were also found among students 
eligible and not eligible for free or reduced-price 
lunch, as reported by schools. Students not eligible 
for free or reduced-price school lunch (mean scale 
score = 160) received statistically signifi cantly higher 
mean TRE Search total scores than students eligible 
for reduced-price lunch (mean scale score = 145) (t, 
31 = 3.15, p < .05) and higher means than students 
eligible for free lunch (mean scale score = 129) (t, 
45 = 10.33, p < .05). Those eligible for reduced-price 
lunch, in turn, received higher scores than students 
eligible for free lunch (t, 39 = 3.32, p < .05). 

 Further, students not eligible for free or reduced-
price lunch received statistically signifi cantly higher 
mean scientifi c inquiry scale scores (mean = 158) 
than students eligible for free lunch (mean = 131) 
(t, 40 = 8.41, p < .05) and those eligible for reduced-
price lunch (mean = 148) (t, 22 = 2.59, p < .05). Also, 
students eligible for reduced-price lunch (mean = 148) 
performed signifi cantly higher statistically on scientifi c 
inquiry than those eligible for free lunch (mean = 131) 
(t, 28 = 3.70, p < .05). 

 Finally, students not eligible for free or reduced-
price lunch (mean scale score = 158) performed 
signifi cantly higher statistically on the computer skills 
scale than both students eligible for free lunch (mean 
scale score = 133) (t, 37 = 7.99, p < .05) and students 
eligible for reduced-price lunch (mean scale 
score = 147) (t, 16 = 2.39, p < .05). Students eligible 
for reduced-price lunch, whose mean scale score was 
147, also scored signifi cantly higher statistically on 
computer skills than students eligible for free lunch, 
whose mean was 133 (t, 20 = 2.61, p < .05). 

Performance by School Location
Students differed in their performance as a function 
of school location only for the TRE Search total score. 
On this scale, students attending central city schools 
(mean = 142) scored lower than students attending 
urban fringe/large town schools (mean = 152;
t, 22  = –2.60, p < .05) and students attending rural 
schools (mean = 153; t, 26 = –2.59, p < .05).
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Table 5-7. Mean TRE Search scores, by student characteristics, grade 8: 2003 

Characteristic Number of students TRE Search total score Scientifi c inquiry score Computer skills score

  Total 1,077 150 (2.0) 150 (2.1) 150 (1.8)

Gender

Male 517 148 (2.4) 149 (2.7) 147 (2.5)

Female 560 151 (2.3) 150 (2.3) 152 (1.9)

Race/ethnicity

White 643 161 (1.9) 160 (1.6) 158 (1.7)

Black 185 121 (3.8) 125 (2.8) 128 (3.3)

Hispanic 188 139 (3.4) 137 (4.8) 142 (3.4)

Student-reported parents’ highest 
education level

Did not fi nish high school 72 133 (3.7) 135 (4.3) 139 (4.5)

Graduated from high school 214 142 (4.4) 143 (2.9) 145 (3.1)

Some education after high school 202 155 (3.0) 154 (2.7) 154 (2.6)

Graduated from college 497 157 (2.4) 156 (2.4) 155 (2.4)

Eligibility for school lunch

Not eligible 656 160 (1.6) 158 (2.0) 158 (1.8)

Reduced-price lunch 70 145 (4.3) 148 (3.7) 147 (4.4)

Free lunch 300 129 (2.5) 131 (2.6) 133 (2.5)

School location

Central city 288 142 (3.1) 142 (3.4) 144 (2.7)

Urban fringe/large town 436 152 (2.4) 151 (2.8) 152 (2.2)

Rural 353 153 (3.1) 154 (3.4) 152 (3.4)

NOTE: TRE = Technology-Rich Environments. Standard errors of estimate appear in parentheses. Some seemingly large differences between the performance 
of student groups were not statistically signifi cant because of the large standard errors associated with those differences. Results are shown for three mutually 
exclusive race/ethnicity categories. Black includes African American, and Hispanic includes Latino. Race categories exclude Hispanic origin unless specifi ed. 
Eligibility for free or reduced-price lunch was based on school-reported information. For details about eligibility requirements, see Eligibility for Free/Reduced-
Price School Lunch in appendix K. Results are not shown for students whose eligibility status for free or reduced-price lunch was not available. 
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Table 6-1. Observables dropped from the TRE Simulation 
scenario analysis, grade 8: 2003

Observable
Simulation 
problem 1

Simulation 
problem 2

Simulation 
problem 3

Number of experiments 
repeated exactly X X X

Number of predictions 
made X X X

Data organized with table 
or graph X X X

Degree of use of 
Science Help X X X

Frequency of hitting 
Cancel after having started 
an interface action X X X

Performance of a variety 
of interface actions with 
appropriate frequency X X †

Proportion of accurate 
predictions X † X

Degree of error in using 
interface tools for 
experimenting † X X

Degree of use of Glossary † X X

Degree of use of Computer 
Help † X X

† Not applicable in that the observable was retained for this simulation 
problem.
NOTE: TRE = Technology-Rich Environments. An “X” indicates the observable 
was dropped from the analysis.
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

Chapter 6: The TRE Simulation Scenario Scales and Results

Chapter 2 of this report explained that the initial 
TRE student model proposed fi ve profi ciencies: 
(1) a total TRE scale, (2) a computer skills scale, 
(3) a scientifi c inquiry scale, (4) a scientifi c explora-
tion scale, and (5) a scientifi c synthesis scale; the last 
two scales were to be components of the scientifi c 
inquiry scale. As was the case with the Search scenario 
data, preliminary analysis of the TRE Simulation data 
did not support all the proposed profi ciencies; the 
scientifi c synthesis scale and the scientifi c explora-
tion scale could not be effectively combined to form 
a scientifi c inquiry scale for this scenario. As a result, 
a separate scientifi c inquiry score was not estimated, 
leaving four scales: a total TRE Simulation scale, a 
computer skills scale, a scientifi c exploration scale, 
and a scientifi c synthesis scale.

 In addition to changes in the number of scales, 
several Simulation scenario observables were 
dropped from the analysis because they contributed 
little or nothing to the measurement of student 
performance, often because they were redundant 
with the information provided by another observable. 
Table 6-1 lists the observables dropped. (See chapter 
2 for preliminary versions of the evidence models.)
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Table 6-2. Observables for which score levels were 
collapsed in the TRE Simulation scenario 
analysis, grade 8: 2003

Observable
Simulation 
problem 1

Simulation 
problem 2

Simulation 
problem 3

Use of computer 
interface (use of 
various interface 
functions) † †

Collapsed from 
3 levels to 2

Proportion 
of accurate 
predictions †

Collapsed from 
3 levels to 2 †

Graph is useful 
to problem †

Collapsed from 
3 levels to 2

Collapsed from 
4 levels to 2

Table is useful 
to problem

Collapsed from 
4 levels to 2

Collapsed from 
4 levels to 3

Collapsed from 
4 levels to 2

Choice of best 
experiments to 
solve problem †

Collapsed from 
4 levels to 2

Collapsed from 
4 levels to 2

† Not applicable in that the original number of score levels was retained.
NOTE: TRE = Technology-Rich Environments.
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 Finally, some of the score levels for several ob-
servables were collapsed because the performance 
distinctions between students at those levels did not 
suggest meaningful differences. Table 6-2 lists these 
observables. 

 Procedures for estimating scores on the TRE 
Simulation scenario were similar to those for the TRE 
Search scenario, discussed in chapter 5. Scores on 
the TRE Simulation total scale were estimated using 
a Bayesian model that combined prior information 

about students with student performance on the 
assessment instrument. Prior information about stu-
dents was based on data collected on 10 background 
variables: (1) gender, (2) race/ethnicity, (3) disability 
status, (4) identifi cation as English language learner, 
(5) student-reported parents’ highest level of educa-
tion, (6) number of types of reading-related items in 
the home, (7) participation in free or reduced-price 
school lunch program, (8) participation in Title I, 
(9) level of prior computer knowledge, and (10) 
whether the TRE scenario was taken on a NAEP 
laptop computer. Defi ning such priors removes bias 
from TRE means for student groups (Mislevy 1991). 

 Paralleling the methodology employed in stan-
dard NAEP analyses (Allen, Donoghue, and Schoeps 
2001), this modeling approach produces population 
estimates (e.g., means and standard deviations) with-
out generating scores for individual students. Instead, 
population estimates are obtained by drawing fi ve 
imputations, or “plausible values” as they are called in 
NAEP, for each student from the posterior distribu-
tion of profi ciency given that student’s performance 
on the assessment instrument and the prior informa-
tion described above. All means and correlations 
reported in this chapter employ these fi ve imputa-
tions, except where noted. A similar process was used 
to determine the scale score estimates for computer 
skills, scientifi c exploration, and scientifi c synthesis. 
For convenience, all four scores were put on an arbi-
trary scale with a mean of 150 and standard deviation 
of 35.17

17 This scale is intentionally different from the ones typically used in NAEP assessments so as to prevent confusion with those scales.
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Table 6-3. Weighted (disattenuated) correlations of TRE 
Simulation scores with prior knowledge mea-
sures, grade 8: 2003

TRE Simulation 
score

Prior computer 
knowledge measure

Prior science 
knowledge measure

 Total .62 .64

Computer skills .51 .56

Scientifi c exploration .51 .58

Scientifi c synthesis .60 .66

NOTE: TRE = Technology-Rich Environments. N (number of students) range 
from 960 to 986. All correlations are signifi cantly different from zero at 
p < .05. Students’ scores for a particular prior knowledge measure were 
deleted from this analysis if they were missing seven or more questions in 
the scale. 
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

The Meaning of TRE Simulation Scores
Because the TRE study used experimental measures, 
this chapter explores evidence for how well the TRE 
Simulation scenario scales captured the skills they 
were intended to summarize. The following sections 
are presented: internal consistency; the relations of 
the scores to the measures of the students’ prior sci-
ence and computer knowledge; the TRE scale inter-
correlations; the correlations of each observable with 
each of the three scales (scientifi c exploration, scien-
tifi c synthesis, and computer skills); the locations of 
observables on the scales; the response probabilities 
for prototypic students (i.e., hypothetical students 
with levels of low, medium, and high profi ciency); 
and the relations of relevant student background 
information to performance.

Internal Consistency 
As previously stated, internal consistency indicates 
the degree to which student responses to individual 
items in a scale are correlated, on average, with their 
responses to other items in the same scale; higher val-
ues for internal consistency suggest greater similarity 
across items in the underlying skill being measured. 
For TRE, coeffi cient alpha, a conventional measure 
of internal consistency ranging from 0.00 to 1.00, was 
used to represent this correlation. For the TRE Simu-
lation total score, which consisted of 28 observables, 
the value of this statistic was .89 (data not shown). 
For the TRE Simulation scientifi c exploration score, 
which had 11 observables, the value was .78 (data 
not shown). The TRE Simulation scientifi c synthesis 
score had 8 observables and an internal consistency 
of .73 (data not shown). Finally, the TRE Simulation 
computer skills score had 9 observables and an inter-
nal consistency of .74 (data not shown).18 By way of 
comparison, these values are higher than the average 
reliability for the shorter hands-on experimental-task 
blocks used in the 2000 NAEP science assessment, 
which, although measuring skills different from the 
TRE Simulation scenario, also include extended, 
problem-solving exercises. For the NAEP 2000 sci-
ence assessment, the mean weighted internal consis-
tency taken across three such blocks was .62.

Correlations of TRE Simulation Scores With Prior 
Knowledge Measures
The prior knowledge measures were intended to give 
a rough indication of the degree of student familiar-
ity with the science and computer-related concepts 
being assessed in the TRE Simulation scenario. 

The prior computer knowledge measure (which 
was common to all students regardless of scenario) 
consisted of 10 multiple-choice questions about 
Internet searching, word processing, spreadsheet use, 
and more general computer knowledge. The prior 
science knowledge measure (which was particular to 
students taking the Simulation scenario) comprised 
10 multiple-choice questions on concepts related to 
the science and uses of helium gas balloons, and to 
the design and interpretation of science experiments. 
(See appendix D for the questions included on each 
measure.)

 Table 6-3 gives the (disattenuated) correlations of 
the TRE Simulation scores with the two prior knowl-
edge measures: computer knowledge and science 
knowledge. As with the Search scenario, these corre-
lations should be considered only suggestive because 
of the limited number of items used in the prior 
knowledge measures. (Appendix I gives summary 
statistics for these measures.) All of the correlations 
between TRE Simulation scores and the measure of 
the students’ prior science knowledge were signifi -
cantly different from zero statistically. Thus, students 
with more prior science knowledge tended to receive 
higher TRE Simulation scores. Similarly, all of the 
correlations between TRE Simulation scores and the 
prior computer knowledge measure were signifi cantly 
different from zero statistically, indicating that prior 
computer knowledge was also associated with better 
performance in the TRE Simulation scenario.

18 The TRE observables may not be completely independent, so the internal consistency estimates for the TRE scales may be infl ated.
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Table 6-4. Number of students and weighted (disattenuated) intercorrelations of the TRE Simulation subscales with the TRE 
Simulation total score, by student characteristics, grade 8: 2003

Characteristic Number of students
Computer skills

with TRE Simulation total
Scientifi c exploration skill 
with TRE Simulation total

Scientifi c synthesis skill 
with TRE Simulation total

   Total 1,032 .75 .74 .76

Gender

Male 545 .75 .74 .75

Female 487 .76 .76 .76

Race/ethnicity

White 644 .71 .69 .71

Black 171 .66 .69 .65

Hispanic 168 .69 .70 .71

NOTE: TRE = Technology-Rich Environments. All correlations are signifi cantly different from zero at p < .05. Results are shown for three mutually exclusive 
race/ethnicity categories. Black includes African American, and Hispanic includes Latino. Race categories exclude Hispanic origin unless specifi ed.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Table 6-5. Number of students and weighted (disattenuated) intercorrelations among the TRE Simulation subscales, by student 
characteristics, grade 8: 2003

Characteristic Number of students
Computer skills with 

scientifi c exploration skill
Scientifi c exploration skill with 

scientifi c synthesis skill
Scientifi c synthesis skill 

with computer skills

   Total 1,032 .73 .74 .73

Gender

Male 545 .72 .73 .74

Female 487 .74 .75 .73

Race/ethnicity

White 644 .67 .69 .68

Black 171 .66 .65 .67

Hispanic 168 .67 .71 .66

NOTE: TRE = Technology-Rich Environments. All correlations are signifi cantly different from zero at p < .05. Results are shown for three mutually exclusive 
race/ethnicity categories. Black includes African American, and Hispanic includes Latino. Race categories exclude Hispanic origin unless specifi ed.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Intercorrelations of the Simulation Scales
Table 6-4 gives the (disattenuated) intercorrelations 
of each TRE Simulation subscale with the Simulation 
total score for the overall sample and for gender and 
racial/ethnic groups. Table 6-5 gives the (disattenu-
ated) intercorrelations among the subscales. As the 

tables show, in the total sample the computer skills, 
scientifi c exploration, and scientifi c synthesis sub-
scales correlate about equally with the TRE Simula-
tion total score (of which all three subscales are a 
part). In addition, the correlations of the subscales 
with each other are in the middle .70s. 
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Correlations of the Observables With the TRE 
Simulation Scales
Examining the correlations of the observables with 
each scale can suggest the degree to which the data 
bear out the theoretical prediction implied by as-
signing an observable to a particular scale. Also, the 
correlations indicate roughly how important each 
observable is to producing the score for the scale to 
which it is assigned.

 Table 6-6 gives the (disattenuated) correlations of 
each observable with the three TRE subscales. Each 
observable was intended to measure profi ciency on 
one scale (that is, computer skills, scientifi c explora-
tion skill, or scientifi c synthesis skill). Although the 
distinctions between the scales are not as sharp as 
they were for TRE Search, in general, visual inspec-
tion suggests that the Simulation observables corre-
late in this student sample more with the scale they 
were intended to measure than with the other scales. 
That is, the observables selected to measure com-
puter skills generally appear to correlate more with 
the computer skills subscale than with the scientifi c 
exploration or scientifi c synthesis subscale, and the 
same is true for the other scales.

 The correlations in table 6-6 also indicate the im-
pact of particular observables on a given scale score. 
In this student sample, the scientifi c exploration 
skill scale score was most highly associated with what 
experiments students chose to run in order to solve 
each of the Simulation problems, whether students 
constructed tables and graphs that included the rel-

evant variables for Simulation problems 1 and 2, and 
the degree to which experiments controlled for one 
variable for Simulation problem 3. The correlations 
between these particular observables and the scien-
tifi c exploration scale score ranged from .49 to .74.

 For the scientifi c synthesis scale, table 6-6 indicates 
that, in this student sample, the observable most 
highly associated with this scale score was the degree 
of correctness and completeness of conclusions 
drawn for each Simulation problem (r range = .67 to 
.72).

 Lastly, performance on the computer skills scale 
was most highly associated with the number of 
characters in the conclusions drawn by students for 
each Simulation problem (r range = .72 to .78). In 
other words, students who wrote longer responses to 
the constructed-response question that concluded 
each Simulation problem tended to receive higher 
computer skills scale scores than students who wrote 
shorter answers.

 As noted, a correct and complete response to the 
constructed-response question concluding each Sim-
ulation problem is key to achieving a high scientifi c 
synthesis score in the TRE Simulation scenario. The 
scoring guides for Simulation motivating problem 1
used three levels, where a score of 3 was a “best” 
answer, 2 was a “partial” answer, and 1 was an “unac-
ceptable” answer. Because an additional level could 
be distinguished, the scoring guides for Simulation 
problems 2 and 3 used four levels. A score of 4 was 
a “best” answer, a score of 3 was a “good” answer, a 
score of 2 was a “partial” answer, and a score of 1 was 
an “unacceptable” answer.
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Table 6-6. Weighted (disattenuated) correlations between score on each observable and TRE Simulation scales, grade 8: 2003

Observable Computer skills Scientifi c exploration Scientifi c synthesis

Simulation problem 1

Degree to which conclusions are correct and complete .57 .56 .69

Accuracy of response to fi nal multiple-choice question .22 .26 .31

Graph is useful to problem .45 .60 .52

Choice of best experiments to solve problem .35 .53 .40

Table is useful to problem .41 .50 .44

Degree of use of Glossary –.17 –.17 –.19

Use of computer interface (number of characters in 
conclusion) .72 .49 .54

Degree of error in using interface tools for drawing 
conclusions –.32 –.25 –.28

Degree of error in using interface tools for experimenting –.28 –.24 –.27

Degree of use of Computer Help –.26 –.22 –.24

Simulation problem 2

Degree to which conclusions are correct and complete .59 .61 .72

Accuracy of response to fi nal multiple-choice question .31 .31 .37

Proportion of accurate predictions .22 .22 .25

Choice of best experiments to solve problem .45 .64 .52

Table is useful to problem .41 .52 .44

Graph is useful to problem .40 .49 .44

Use of computer interface (number of characters in 
conclusion) .78 .52 .55

Degree of error in using interface tools for drawing 
conclusions –.27 –.21 –.23

Simulation problem 3

Degree to which conclusions are correct and complete .52 .52 .67

Accuracy of response to fi nal multiple-choice question .36 .36 .43

Proportion of experiments controlled for one variable .51 .74 .56

Choice of best experiments to solve problem .44 .56 .46

Graph is useful to problem .32 .42 .35

Table is useful to problem .14 .21 .20

Use of computer interface (number of characters in 
conclusion) .76 .53 .59

Use of computer interface (use of various interface functions, 
e.g., making tables and graphs) .42 .54 .42

Degree of error in using interface tools for drawing 
conclusions –.21 –.19 –.20

Conclusion

Degree of correctness of responses to multiple-choice items .47 .48 .58

NOTE: TRE = Technology-Rich Environments. The bold values indicate the scale to which an observable was assigned. All correlations are signifi cantly different 
from zero at p < .05. N (number of students) range = 221 to 1032. All scale scores include the observable being correlated. 
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.



Problem Solving in Technology-Rich Environments 77

Table 6-7. Observed correlation between score on each observable and raw score on the 
constructed-response questions for each of three Simulation problems, grade 8: 2003

Observable Correlation

Simulation problem 1

Use of computer interface (number of characters in conclusion) .48

Graph is useful to problem .45

Table is useful to problem .37

Choice of best experiments to solve problem .32

Degree of error in using interface tools for drawing conclusions –.23

Degree of error in using interface tools for experimenting –.18

Degree of use of Computer Help –.15

Degree of use of glossary –.14

Simulation problem 2

Use of computer interface (number of characters in conclusion) .50

Choice of best experiments to solve problem .47

Graph is useful to problem .39

Table is useful to problem .35

Degree of error in using interface tools for drawing conclusions –.16

Proportion of accurate predictions .15

Simulation problem 3

Proportion of experiments controlled for one variable .45

Use of computer interface (number of characters in conclusion) .44

Choice of best experiments to solve problem .43

Use of computer interface (use of various interface functions, e.g., making tables and 
graphs) .31

Graph is useful to problem .24

Table is useful to problem .12

Degree of error in using interface tools for drawing conclusions –.11

NOTE: TRE = Technology-Rich Environments. All correlations are signifi cantly different from zero at p < .05. Values are raw 
correlations and not based on averages across imputations. The constructed-response question for Simulation problem 1 
was scored on a 1–3 scale. The constructed-response questions for problems 2 and 3 were each scored on a 1–4 scale.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National 
Assessment of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

 What student behaviors were associated with pro-
viding successful responses to the Simulation motivat-
ing problems? Table 6-7 indicates that students who 
wrote longer answers tended to receive higher scores, 
a result related at least in part to the fact that longer 
responses tended to be more detailed. Apart from 
the length of the response, the results show statisti-
cally signifi cant positive relationships between scores 
and process-related behaviors that can help students 
develop better answers. For example, students who 
chose a better set of experiments for any given Simu-

lation problem tended to receive higher scores for re-
sponses to the concluding question than did students 
who chose a less adequate set of experiments. Further, 
students who made graphs and tables appropriate to 
Simulation problems 1 and 2 tended to receive higher 
scores for their conclusions to those problems than 
students who did not make such graphs and tables. 
Finally, table 6-7 shows that students who controlled 
for one variable in their experiments for Simulation 
problem 3 tended to attain higher scores on the 
constructed-response question.
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Locations of the Observables on the TRE Simulation 
Scales
Item maps are displays that give a context for inter-
preting score points on a given scale. They display the 
locations of items (in the TRE context, observables) 
on their respective scales by associating points on the 
scale with levels of correctness for particular observ-
ables, and thus describe what students who attain a 
particular score on each scale are likely to be able 
to do. As noted in the previous chapter, item maps 
should be interpreted carefully because an item’s 
location is dependent on the extent to which the un-
derlying assumptions of the response model are met 
and on the accuracy with which item parameters are 
estimated. Also, item locations depend on the choice 
of a probability for correctly responding. For purposes 
of the TRE study, this probability was set at 65 percent, 
the level routinely used in NAEP assessments for the 
mapping of constructed-response items.

 Figure 6-1 shows an item map for the scientifi c 
exploration scale. For mapping purposes, each observ-
able has been transformed into one or more dichoto-
mous variables, where the number of such variables is 
one less than the number of levels of correctness for 
the observable. Thus, each location on the map repre-
sents the point on the scale at which at least  
65 percent of students were likely to have achieved the 
indicated level of correctness for a particular observ-
able. For example, the lowest level of partial credit 
for running the best experiments for Simulation 
problem 1 maps to a scale score of 161. This mapping 
means that students who received a mean score of 
161 or more on the scientifi c exploration scale had 
at least a 65 percent chance of running experiments 
that partially confi rmed the negative linear relation-
ship between variables for Simulation problem 1. Full 
credit for running the best experiments for Simula-
tion problem 1 maps to a score of 199; students with 
this mean score had at least a 65 percent chance of 
running experiments for Simulation problem 1 that 
were suffi cient to confi rm the negative linear relation-
ship between variables.

 As shown in chapter 5, mapping observables to the 
scale enables the scale to be qualitatively described. 
For the Simulation scientifi c exploration scale, the 
scale is defi ned by the following ordering, from the 
lowest mapped scale point to the highest:

 using the glossary of science terms in Simulation 
problem 1 with moderate frequency (note that 
using the glossary is hypothesized as suggesting a 
lower level of skill than not using it);

 using the glossary of science terms in Simulation 
problem 1 with low frequency or never;

 creating a table for Simulation problem 2 that 
either includes one of the variables relevant to 
solving the problem with experimental data, or 
includes both relevant variables without data;

 controlling for one variable in less than 40 percent 
of the experiments run for Simulation problem 3;

 running a set of experiments that partially reveals 
the nonlinear relationship between altitude and 
amount of helium for Simulation problem 2;

 controlling for one variable in 40 to 65 percent of 
the experiments run for Simulation problem 3;

 controlling for one variable in at least 66 percent of 
the experiments run for Simulation problem 3;

 creating a graph for Simulation problem 2 with 
the correct variables on the correct axes, with or 
without data;

 running experiments suffi cient either in number or 
in range to confi rm the negative linear relationship 
between altitude and mass for Simulation problem 1;

 creating a graph for Simulation problem 1 with the 
correct variables on the correct axes but showing 
no data or only one data point;

 running experiments in Simulation problem 1 
suffi cient in number and range, but not in distribu-
tion, to confi rm the negative linear relationship 
between mass and altitude;

 running experiments in Simulation problem 3 for 
at least one value of mass and conducting a set of 
experiments with amounts of helium that partially 
reveals a nonlinear relationship between altitude 
and volume;

 creating a table for Simulation problem 1 that in-
cludes the variables relevant to the problem as well 
as other variables;
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Figure 6-1. Mapping of TRE Simulation observables to the scientifi c exploration scale, grade 8: 2003

 251 Sim 2: Created table including only variables germane to problem

 213 Sim 3: Created table including three germane variables and others
 200 Sim 3: Created graph showing suffi cient data with correct variables on correct axes
 199 Sim 1: Ran experiments confi rming linear relationship between variables
 194 Sim 1: Created graph showing data with correct variables on correct axes
 186 Sim 1: Created table including two germane variables and others
 181 Sim 3: Ran experiments partially revealing the nonlinear relationship between variables
 178 Sim 1: Ran experiments essentially confi rming linear relationship between variables 
 163 Sim 1: Created graph with correct variables on correct axes but no or minimal data
 161 Sim 1: Ran experiments partially confi rming linear relationship between variables 
 158 Sim 2: Created graph with correct variables on correct axes
 157 Sim 3: Used experimental controls frequently
 152 Sim 3: Used experimental controls with moderate frequency
 149 Sim 2: Ran experiments partially revealing the nonlinear relationship between variables
 148 Sim 3: Used experimental controls infrequently

 129 Sim 2: Created table showing data but only one germane variable or no data and both 
germane variables

 113 Sim 1: Used Glossary with low frequency or never

 6 Sim 1: Used Glossary with moderate frequency

300

250

200

100

0

25th percentile 126

50th percentile 151

75th percentile 175

NOTE: TRE = Technology-Rich Environments. Sim 1 = Simulation problem 1; Sim 2 = Simulation problem 2; Sim 3 = Simulation problem 3. Each position on the map 
indicates the scale score at which students had a 65 percent probability of successfully attaining a given level of correctness for a particular observable.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

 creating a graph for Simulation problem 1 that has 
the correct variables on the correct axes and shows 
at least two data points;

 running a set of experiments in Simulation prob-
lem 1 suffi cient in number, range, and distribution 
to confi rm the negative linear relationship be-
tween altitude and mass;

 creating a graph for Simulation problem 3 that has 
the correct variables on the correct axes and shows 
data for at least four experiments (two experi-
ments for each of at least two values of mass);

 creating a table for Simulation problem 3 that in-
cludes the three variables relevant to the problem 
as well as other variables; and
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 creating a table for Simulation problem 2 that 
includes only the dependent and independent 
variables germane to the problem.

 Appendix J gives the percentages of students 
achieving each of these observable behaviors.

 Figure 6-2 shows the locations of the levels of cor-
rectness for the observables on the scientifi c synthesis 
scale. From the lowest scale point, the ordering is as 
follows:

 offering “partial” responses to the concluding 
question for Simulation problem 3 that could 
be derived from the experiments conducted for 
Simulations 1 or 2 (e.g., “Below a certain amount 
of helium the balloon cannot get off the ground”);

 offering “partial” responses to the concluding 
question for Simulation problem 2 that incorrectly 
describe the relationship between altitude and 
amount of helium as a positive linear one (e.g., 
“More helium inside the balloon will make the bal-
loon go higher”);

 offering “good” responses to the concluding 
question for Simulation problem 1 that correctly 
express the negative linear relationship between 
mass and altitude (e.g., “A smaller mass will make 
the balloon go higher”), but do not make specifi c 
references to experiments;

 correctly answering the concluding multiple-
choice question about the relationship between 
altitude and mass in Simulation problem 1;

 offering “good” responses to the concluding 
question for Simulation problem 2 that correctly 
describe either the top or the bottom segments 
(but not both) of the step function (e.g., “Once in 
the air, the balloon will reach a maximum altitude 
no matter how much helium is added”);

 correctly answering the concluding multiple-
choice question about the relationships among 
altitude, mass, and amount of helium in Simula-
tion problem 3;

 offering “best” responses to the concluding 
question for Simulation problem 1 that correctly 
express the negative linear function and refer to at 
least two specifi c experiments;

 making correct predictions for more than one-
half of the unique experiments run for Simulation 
problem 2;

 offering “good” responses to the concluding 
question for Simulation problem 3 that correctly 
describe either the top or the bottom segments of 
the step function (but not both) in terms of vari-
ous values of mass (e.g., “Once in the air, the bal-
loon will reach a maximum altitude no matter how 
much helium is added, and the maximum altitude 
the balloon can reach decreases as payload mass 
increases”);

 correctly answering the concluding multiple-
choice question about the relationship between 
altitude and amount of helium in Simulation 
problem 2;

 offering “best” responses to the concluding 
question for Simulation problem 2 that correctly 
describe both the top and the bottom segments 
of the step function (e.g., “Once the balloon has 
enough helium to rise into the air, the balloon will 
rise to a maximum height and go no higher no 
matter how much helium is added”); and

 offering “best” responses to the concluding ques-
tion for Simulation problem 3 that correctly and 
completely describe both the top and the bottom 
segments of the step function in terms of various 
values of mass (e.g., “The amount of helium need-
ed to lift the balloon increases as mass increases. 
Once the balloon has enough helium to rise into 
the air, the balloon will rise to a maximum height 
for a given mass no matter how much helium is 
added. This maximum altitude decreases as mass 
increases.”)
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NOTE: TRE = Technology-Rich Environments. Sim 1 = Simulation problem 1; Sim 2 = Simulation problem 2; Sim 3 = Simulation problem 3. Each position on the 
map indicates the scale score at which students had a 65 percent probability of successfully attaining a given level of correctness for a particular observable. The 
estimated score mapping for “Sim 3: Wrote ‘best’ (correct and complete) response to concluding constructed-response questions” was above the scale maximum 
of 300 and is included on the fi gure for completeness.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Figure 6-2. Mapping of TRE Simulation observables to the scientifi c synthesis skill scale, grade 8: 2003

300
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75th percentile 174

50th percentile 150

 311 Sim 3: Wrote “best” (correct and complete) response to concluding constructed-response question 

 234 Sim 2: Wrote “best” (correct and complete) response to concluding constructed-response question 
 219 Sim 2: Gave correct response to concluding multiple-choice question 
 215 Sim 3: Wrote “good” (correct but incomplete) response to concluding constructed-response question 
 214 Sim 2: Made correct predictions for most unique experiments 
 210 Sim 1: Wrote “best” (correct and complete) response to concluding constructed-response question 
 201 Sim 3: Gave correct response to concluding multiple-choice question 

 177 Sim 2: Wrote “good” (correct but incomplete) response to concluding constructed-response question 

 169 Sim 1: Gave correct response to concluding multiple-choice question 

 125 Sim 1: Wrote “good” (correct but incomplete) response to concluding constructed-response question 
 121 Sim 2: Wrote “partial” response to concluding constructed-response question 
 119 Sim 3: Wrote “partial” response to concluding constructed-response question 

25th percentile 125
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 Figure 6-3 shows the locations of the levels of cor-
rectness for the observables on the computer skills 
scale. From the lowest scale point to the highest, the 
ordering is as follows:

 using interface tools in the wrong order for 
drawing conclusions once or twice in Simulation 
problem 3 (e.g., clicking on the Draw Conclusions 
button before running any experiments);19

 using interface tools in the wrong order for experi-
menting once or twice in Simulation problem 1
(e.g., clicking on the Make Predictions button 
without having chosen any values with which to 
experiment);

 using Computer Help once or twice in Simulation 
problem 1 (note that using Computer Help is pro-
posed as suggesting a lower level of skill than not 
using it);

 using interface tools in the wrong order for draw-
ing conclusions once or twice in Simulation prob-
lem 2 (e.g., clicking on Next without responding 
to the concluding multiple-choice question);

 using interface tools in the wrong order for draw-
ing conclusions once or twice in Simulation prob-
lem 1 (e.g., clicking on the concluding multiple-
choice question without fi rst responding to the 
concluding constructed-response question);

 never using interface tools in the wrong order 
for drawing conclusions in Simulation problem 
3 (e.g., clicking on the Draw Conclusions button 
before running any experiments);

 key-entering a response of 50 to 149 characters 
to the constructed-response question concluding 
Simulation problem 3;

 never using interface tools in the wrong order 
for experimenting in Simulation problem 1 (e.g., 
clicking on Try It before choosing a value for a fi rst 
experiment);

 key-entering a response of 50 to 149 characters 
to the constructed-response question concluding 
Simulation problem 2;

 never using interface tools in the wrong order 
for drawing conclusions in Simulation problem 2 
(e.g., clicking on Next without responding to the 
concluding multiple-choice question);

 never using Computer Help in Simulation prob-
lem 1;

 never using interface tools in the wrong order 
for drawing conclusions in Simulation problem 1 
(e.g., clicking on Next without responding to the 
concluding multiple-choice question);

 key-entering a response of 50 to 149 characters 
to the constructed-response question concluding 
Simulation problem 1;

 performing a variety of interface actions (e.g., tab-
bing among graphs, tables, and the response area; 
sorting tables; making tables or graphs) in Simula-
tion problem 3;

 key-entering a response of over 150 characters to 
the constructed-response question concluding 
Simulation problem 1;

 key-entering a response of over 150 characters to 
the constructed-response question concluding 
Simulation problem 2; and

 key-entering a response of over 150 characters to 
the constructed-response question concluding 
Simulation problem 3.

 Appendix J gives the percentages of students 
achieving each of these observable behaviors.

19 The rule for determining whether students used interface tools in the wrong order did not account for students who purposively clicked 
on each tool to fi nd out what the tool did. However, relatively few students could have taken this approach because, as the item map 
shows, all of the observables associated with using interface tools in the wrong order fell at the low end of the computer skills scale.
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 184 Sim 3: Entered over 150 characters for concluding constructed-response question
 183 Sim 2: Entered over 150 characters for concluding constructed-response question

 172 Sim 1: Entered over 150 characters for concluding constructed-response question
 168 Sim 3: Performed a variety of interface actions (e.g., tabbing among graphs, tables, and 

response area; sorting tables; making tables or graphs)

 95 Sim 1: Entered 50–149 characters for concluding constructed-response question
 94 Sim 1: Never misused interface for drawing conclusions
 93 Sim 1: Never used Computer Help
 89 Sim 2: Never misused interface for drawing conclusions
 88 Sim 2: Entered 50–149 characters for concluding constructed-response question
 80 Sim 1: Never misused interface for experimenting 
 79 Sim 3: Entered 50–149 characters for concluding constructed-response question
 65 Sim 3: Never misused interface for drawing conclusions
 51 Sim 1: Misused interface for drawing conclusions once or twice

 46 Sim 2: Misused interface for drawing conclusions once or twice
 41 Sim 1: Used Computer Help once or twice
 31 Sim 1: Misused interface for experimenting once or twice

 22 Sim 3: Misused interface for drawing conclusions once or twice

NOTE: TRE = Technology-Rich Environments. Sim 1 = Simulation problem 1; Sim 2 = Simulation problem 2; Sim 3 = Simulation problem 3. Each position on the 
map indicates the scale score at which students had a 65 percent probability of successfully attaining a given level of correctness for a particular observable.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Figure 6-3. Mapping of TRE Simulation observables to the computer skills scale, grade 8: 2003
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Response Probabilities for Prototypic Students
As discussed in chapter 5, examining the response 
probabilities for prototypic students (that is, hypo-
thetical students with low, medium, or high levels of 
profi ciency) also affords a way to gain insight into 
the meaning of the TRE scales. The required prob-
abilities can be generated empirically from the item 
response model for students with different prototypic 
levels of standing on the TRE profi ciencies (e.g., 
students who are known to be high on scientifi c 
exploration as compared with those who are known 
to be medium or low). The probability of achieving 
each observable can then be examined to see how 
prototypic students differ and if those differences are 
logically meaningful.

 Tables 6-8, 6-9, and 6-10 show the response prob-
abilities for prototypic students with different levels 
of scientifi c exploration, scientifi c synthesis, and 
computer skills. For these tables, the prototypic levels 
were defi ned by separately dividing in turn the scien-
tifi c exploration, scientifi c synthesis, and computer 
skills score distributions into thirds and taking the 
middle value in the bottom third as the prototypic 
low student, the middle value in the center third as 
the prototypic medium student, and the middle value 
in the top third as the prototypic high student. These 
values were then used to fi x the profi ciency level in 
the response model for generating the probability of 
achieving each of the levels of correctness on each of 
the observables.20

 The response probabilities are generally compared 
in the following way: First, the prototypic low-level 
student is described by identifying the level of cor-
rectness that student is likely to achieve on each ob-
servable. Next, the prototypic medium-level student 
is described in terms of only those observables that 
would distinguish this student from the prototypic 
low-level student (i.e., only those observables on 
which the two students would be likely to attain dif-
ferent degrees of correctness). Finally, the prototypic 
high-level student is differentiated from the proto-
typic medium-level student in a similar fashion.

 As table 6-8 shows, the low-scientifi c-exploration 
student was most likely to receive no credit (i.e., “low” 
in terms of level of correctness) for a large number of 
observables:

 running the best experiments for Simulation prob-
lem 1, 

 controlling variables in experiments for Simula-
tion problem 3,

 creating a useful graph for Simulation problem 1, 

 creating a useful table for Simulation problem 1,

 running the best experiments for Simulation prob-
lem 2, 

 creating a useful graph for Simulation problem 2, 

 running the best experiments for Simulation prob-
lem 3, 

 creating a useful graph for Simulation problem 3, 
and 

 creating a useful table for Simulation problem 3. 

The low-scientifi c-exploration student was also most 
likely to receive partial credit for creating a useful 
table for Simulation problem 2 and full credit for de-
gree of use of the glossary in Simulation problem 1,
meaning that this student was unlikely to make fre-
quent use of the glossary. 

 The pattern for the medium-scientifi c-exploration 
student differed from the low-scientifi c-exploration 
student in that the medium-scientifi c exploration 
student was more likely to achieve full credit, rather 
than no credit, for the following observables:

 controlling variables in experiments for Simula-
tion problem 3, 

 running the best experiments for Simulation 
problem 2, and

 creating a useful graph for Simulation problem 2. 

 Finally, in contrast to the medium-scientifi c-explo-
ration student, the high-scientifi c-exploration student 
was most likely to get full, rather than no, credit for 
the following observables:

 running the best experiments for Simulation
problem 1, 

 creating a useful graph for Simulation problem 1, 

 creating a useful table for Simulation problem 1, 

 running the best experiments for Simulation prob-
lem 3, and 

 creating a useful graph for Simulation problem 3.

20 Note that some observables have two levels of correctness (no credit, full credit), some have three levels (no credit, partial credit, and 
full credit), and some have four levels (no credit, low-partial credit, high-partial credit, and full credit).
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Table 6-8. Probability of responding to observables on TRE Simulation for prototypic students, by level of scientifi c exploration 
skill and level of correctness of observable response, grade 8: 2003

1 No credit, partial credit (including low-partial and high-partial), and full credit are the levels of correctness of response specifi c to each observable. 
2 The values for this observable were such that less glossary use received a higher score.
NOTE: TRE = Technology-Rich Environments. Sim1 = Simulation problem 1; Sim2 = Simulation problem 2; Sim 3 = Simulation problem 3. Highest probability for 
each level is shown in bold. Detail may not sum to totals because of rounding. 
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Low level 
of scientifi c exploration

Medium level 
of scientifi c exploration

High level 
of scientifi c exploration

Observables
No

credit1

Low-
partial 
credit

High-
partial 
credit

Full 
credit

No
credit1

Low-
partial 
credit

High-
partial 
credit

Full 
credit

No
credit1

Low-
partial 
credit

High-
partial 
credit

Full 
credit

Sim1 Ran best experiments .67 .17 .09 .07 .37 .23 .19 .20 .16 .17 .23 .45

Sim3 Proportion of 
experiments controlled for 
1 variable .87 .06 .03 .04 .31 .13 .13 .43 .02 .02 .04 .92

Observables

Low level 
of scientifi c exploration

Medium level 
of scientifi c exploration

High level 
of scientifi c exploration

No 
credit1

Partial 
credit

Full 
credit

No 
credit1

Partial 
credit Full credit

No 
credit1

Partial 
credit Full credit

Sim1 Degree of use of 
Glossary2 .04 .31 .65 .02 .19 .79 .01 .11 .88

Sim1 Usefulness of graph .77 .17 .06 .45 .34 .21 .18 .31 .51

Observables

Low level 
of scientifi c exploration

Medium level 
of scientifi c exploration

High level 
of scientifi c exploration

No credit1 Full credit No credit1 Full credit No credit1 Full credit

Sim1 Usefulness of table .86 .14 .64 .36 .35 .65

Sim2 Ran best experiments .81 .19 .32 .68 .05 .95

Sim2 Usefulness of graph .68 .32 .39 .61 .16 .84

Sim3 Ran best experiments .99 .01 .85 .15 .33 .67

Sim3 Usefulness of graph .81 .19 .64 .36 .44 .56

Sim3 Usefulness of table .60 .40 .50 .50 .41 .59

 Table 6-9 gives the response probabilities for the 
prototypic students with different levels of scientifi c 
synthesis skill, which were computed in a manner 
similar to that for scientifi c exploration. The low-
scientifi c-synthesis student was most likely to get no 
credit for every observable except for the accuracy 
of the responses to the concluding multiple-choice 
synthesizing questions, for which this student would 
more likely receive partial credit. By contrast, the me-
dium-scientifi c-synthesis student was likely to receive 
partial credit, instead of no credit, for the accuracy of 
the responses to the fi nal constructed-response ques-
tions for Simulation problems 1, 2, and 3, and for the 
accuracy of the response to the fi nal multiple-choice 
question for Simulation problem 1.

 Compared with the student with medium pro-
fi ciency on scientifi c synthesis, the high-scientifi c-
synthesis student was likely to receive full instead of 
partial credit for the accuracy of the response to the 
fi nal constructed-response question for Simulation 
problem 1, the accuracy of the responses to the con-
cluding multiple-choice synthesizing questions, the 
proportion of accurate predictions for experimental 
results for Simulation problem 2, and the accuracy of 
the response to the fi nal multiple-choice question for 
Simulation problem 3. 
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Table 6-9. Probability of responding to observables on TRE Simulation for prototypic students, by level of scientifi c synthesis 
skill and level of correctness of observable response, grade 8: 2003

1 No credit, partial credit (including low-partial and high-partial), and full credit are the levels of correctness of response specifi c to each observable. 
NOTE: TRE = Technology-Rich Environments. Sim1 = Simulation problem 1; Sim2 = Simulation problem 2; Sim3 = Simulation problem 3. Highest probability for 
each level is shown in bold. Detail may not sum to totals because of rounding.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Observables

Low level 
of scientifi c synthesis

Medium level 
of scientifi c synthesis

High level 
of scientifi c synthesis

No 
credit1

Partial 
credit

Full 
credit

No 
credit1

Partial 
credit

Full 
credit

No 
credit1

Partial 
credit

Full 
credit

Sim1 Accuracy of response to 
constructed-response question .68 .31 .02 .22 .66 .12 .03 .47 .50

Accuracy of responses to concluding 
multiple-choice synthesizing 
questions .35 .58 .07 .12 .64 .24 .03 .40 .56

Low level 
of scientifi c synthesis

Medium level 
of scientifi c synthesis

High level 
of scientifi c synthesis

Observables
No

credit1

Low-
partial 
credit

High-
partial 
credit

Full 
credit

No
credit1

Low-
partial 
credit

High-
partial 
credit

Full 
credit

No
credit1

Low-
partial 
credit

High-
partial 
credit

Full 
credit

Sim2 Accuracy of response to 
constructed-response question .74 .22 .03 .00 .26 .50 .21 .03 .04 .24 .50 .22

Sim3 Accuracy of response to 
constructed-response question .86 .14 .00 .00 .46 .50 .03 .00 .11 .69 .19 .01

Observables

Low level 
of scientifi c synthesis

Medium level 
of scientifi c synthesis

High level 
of scientifi c synthesis

No credit1 Full credit No credit1 Full credit No credit1 Full credit

Sim1 Accuracy of response to 
multiple-choice question .57 .43 .41 .59 .26 .74

Sim2 Accuracy of response to 
multiple-choice question .92 .08 .81 .19 .61 .39

Sim2 Proportion of accurate 
predictions made .77 .23 .63 .37 .47 .53

Sim3 Accuracy of response to 
multiple-choice question .89 .11 .73 .27 .48 .52

 Finally, the high-synthesis student was also more 
likely to receive a higher degree of partial credit than 
the medium-synthesis student for the accuracy of the 
response to the fi nal constructed-response question 
for Simulation problem 2.

 Table 6-10 gives the response probabilities for 
computer skills. The prototypic low-computer-skills 
student was likely to receive no credit for perform-
ing a variety of interface actions with appropriate 
frequency (e.g., tabbing among graphs, tables, and 
the response area; sorting tables; and making tables 

or graphs) in Simulation problem 3, and partial 
credit for the number of characters used in the 
fi nal constructed-response questions for Simulation 
problems 1, 2, and 3. The low-computer-skills stu-
dent was likely to receive the full score for making 
errors in using interface tools to draw conclusions in 
Simulation problems 1, 2, and 3; for making errors in 
using interface tools for experimenting in Simulation 
problem 1; and for frequency of use of the Computer 
Help tool in Simulation problem 1, meaning that this 
student was not very likely to make such errors or to 
frequently use Computer Help.
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Table 6-10. Probability of responding to observables on TRE Simulation for prototypic students, 
by level of computer skills and level of correctness of observable response, grade 8: 2003

1 No credit, partial credit, and full credit are the levels of correctness of response specifi c to each observable.
2 The values for these observables were such that fewer errors or less use received higher levels of credit.
NOTE: TRE = Technology-Rich Environments. Sim1 = Simulation problem 1; Sim2 = Simulation problem 2; Sim3 = Simulation problem 3.
Highest probability for each level is shown in bold. Detail may not sum to totals because of rounding.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment 
of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

Observables

Low level 
of computer skills

Medium level 
of computer skills

High level 
of computer skills

No credit1 Full credit No credit1 Full credit No credit1 Full credit

Sim3 Performing a variety 
of interface actions with 
appropriate frequency (e.g., 
tabbing among graphs and 
tables) .76 .24 .54 .46 .28 .72

Observables

Low level 
of computer skills

Medium level 
of computer skills

High level 
of computer skills

No 
credit1

Partial 
credit

Full 
credit

No 
credit1

Partial 
credit

Full 
credit

No 
credit1

Partial 
credit

Full 
credit

Sim1 Interface errors in 
drawing conclusions2 .02 .35 .63 .01 .21 .78 .00 .11 .88

Sim1 Interface errors in 
running experiments2 .02 .28 .70 .01 .18 .81 .01 .11 .89

Sim1 Degree of use of 
Computer Help2 .02 .25 .73 .01 .15 .84 .01 .09 .91

Sim1 Number of characters 
used in response to 
constructed-response 
question .19 .73 .07 .01 .46 .52 .00 .06 .94

Sim2 Interface errors in 
drawing conclusions2 .01 .15 .83 .01 .07 .93 .00 .03 .97

Sim2 Number of characters 
used in response to 
constructed-response 
question .28 .69 .03 .01 .53 .45 .00 .05 .95

Sim3 Interface errors in 
drawing conclusions2 .01 .10 .89 .00 .05 .95 .00 .02 .98

Sim3 Number of characters 
used in response to 
constructed-response 
question .19 .74 .07 .01 .44 .55 .00 .04 .96

 The medium-computer-skills student differed from 
the low-computer-skills student most obviously by 
being likely to receive full credit for the number of 
characters used in the constructed-response questions 
concluding Simulation problems 1 and 3. 

 Finally, the high-computer-skills student was likely 
to receive full credit for the number of characters 
used in the constructed-response question concluding 

Simulation problem 2, and for performing a variety 
of interface actions with appropriate frequency (e.g., 
tabbing among graphs, tables, and the response area; 
sorting tables; and making tables or graphs) in Simula-
tion problem 3. In contrast, the medium-computer-
skills student was likely to get partial credit for the fi rst 
observable and no credit for the second observable.
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TRE Performance as a Function of Relevant Background 
Experience
As previously discussed, students responded to 
sets of background questions when they took the 
TRE scenarios. One set of questions asked students 
about their experiences with computers in and out 
of school, as well as their activities in science class. 
Figures 6-4 to 6-6 show the relationship of students’ 
TRE Simulation scenario scores with some kinds of 
experience with computers that students reported. 
For each background question in the tables, statisti-
cally signifi cant differences in student performance 
and the directions of those differences are indicated; 
T denotes the TRE Simulation total score, E denotes 
the TRE Simulation scientifi c exploration score, S 
denotes the TRE Simulation scientifi c synthesis score, 
and C denotes the TRE Simulation computer skills 
score.

 As shown in fi gure 6-4, and as might be expected, 
students who reported using computers more fre-
quently for a variety of activities, ranging from using a 
word processor to making tables and graphs, outper-
formed their peers who reported using computers 
less frequently for these activities. While some activi-
ties—for example, using computers to make art (data 
not shown)—were not associated with any statistically 
signifi cant score differences, in no case were comput-
er-based activities negatively associated with student 
performance.

 Students reporting using a word processor to a 
small, moderate, or large extent performed better 
on all four scales than students reporting not using 
a word processor at all. Further, students reporting 
using a word processor to a moderate or large extent 
outperformed students reporting using one to a small 
extent; and, fi nally, students reporting using a word 
processor to a large extent outperformed students re-
porting using one to a moderate extent. These results 
make sense as the TRE Simulation scenario requires 
students to use their word processing skills to com-
pose responses to the constructed-response questions 
concluding each section of the scenario.

 Also notable in fi gure 6-4 is that students who 
reported using a computer to make charts, tables, 
and graphs to a small or moderate extent performed 
better on all four TRE scales than students who 

reported that they did not do so at all. Although they 
did not have to, students could choose to make tables 
and graphs in the TRE Simulation scenario to keep 
track of experiments they had run and to help them 
interpret the results of their experiments; students 
who reported using charts, tables, and graphs outside 
of the TRE experience to a small or moderate extent 
received higher scale scores than students who did 
not report such use. One possible explanation for 
this association is that experience with making tables 
and graphs on the computer was helpful to students 
taking the TRE Simulation scenario.

 Figure 6-4 indicates that students who reported 
fi nding information on the Internet to a large extent 
had higher scale scores for all four TRE Simulation 
scales than their peers who reported doing so to a 
small extent, and also higher scientifi c synthesis scale 
scores than students who reported fi nding informa-
tion on the Internet to a moderate extent. A possible 
explanation for this association is that, while the TRE 
Simulation scenario did not require web searching, 
its interface conventions (for example, arrows to 
move forward and backward among pages and func-
tions activated by clicking) would all likely be very 
familiar to students who spend time navigating on 
the Web.

 Finally, fi gures 6-5 and 6-6 show results consistent 
with those from fi gure 6-4, as they indicate that the 
frequency of using a computer outside of school 
(fi gure 6-5) and the presence of a computer at 
home (fi gure 6-6) are both positively associated with 
student performance. On all four TRE Simulation 
scale scores, students who reported using a computer 
outside of school daily outperformed students who 
reported doing so 2 to 3 times per week, once every 
few weeks, and never or hardly ever. On the TRE Sim-
ulation total, exploration, and computer skills scales, 
students who reported using a computer outside of 
school daily outperformed students who reported 
doing so once a week. Additionally, students who re-
ported using a computer outside of school 2–3 times 
a week outperformed those who reported doing so 
once every few weeks on the scientifi c exploration 
scale and on the total score scale, and outperformed 
those who reported doing so never or hardly ever on 
all four TRE Simulation scales.
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 The overall positive pattern of relationships 
between student performance and computer use 
generally held true for all four TRE Simulation scales, 
indicating that the TRE scales were functioning 
similarly with respect to these background indicators. 
There was one notable exception, however: Students 
who reported playing computer games to a moder-
ate or large extent had higher scientifi c exploration 
scores than students who reported that they did not 
play such games at all. There were no statistically sig-
nifi cant relationships between student reports about 
this variable and their scores on the other three TRE 
Simulation scales. This result may refl ect the fact that 
the TRE Simulation observables assigned to the TRE 
exploration scale resemble the activities involved in 
some complex computer games; manipulating condi-
tions, keeping track of choices made and their out-
comes, observing and interpreting animated displays, 
and creating and manipulating tables and graphs are 
effective strategies for solving problems in a variety of 
computer-based environments. 

 Information was also collected about students’ 
activities in science class, for example, the frequency 
of carrying out science experiments. In almost every 
case, the numbers of students in the various re-
sponse intervals for each background question were 
too small for signifi cance tests to be performed, or 
data based on these questions bore no statistically 
signifi cant relationships to student performance. In 
no instance were reported science activities nega-
tively associated with student performance (data not 
shown).21

21 The analyses presented in fi gures 6-5 to 6-6 did not control for other background variables, such as socioeconomic status (SES). It is possible that hold-
ing such variables constant would produce a different pattern of relations between reported computer use and TRE scores from that described above.

Figure 6-4. Relationship between TRE Simulation 
performance and reported type of computer 
use, grade 8: 2003

Play computer games

Response Not at all  Small Moderate Large

Not at all † E E

Small †

Moderate E †

Large E †

Use a word processor

Response Not at all Small Moderate Large

Not at all † T, E, S, & C T, E, S, & C T, E, S, & C

Small T, E, S, & C † T, E, S, & C T, E, S, & C

Moderate T, E, S, & C T, E, S, & C † T, E, S, & C

Large T, E, S, & C T, E, S, & C T, E, S, & C †

Make tables, charts, or graphs on computer 

Response Not at all Small Moderate Large

Not at all † T, E, S, & C T, E, S, & C

Small T, E, S, & C †

Moderate T, E, S, & C †

Large †

Find information on the Internet

Response Not at all Small Moderate Large

Not at all †

Small † T, S, & C T, E, S, & C

Moderate T, S, & C † S

Large T, E, S, & C S †

† Not applicable.
T = TRE Simulation total score.
E = TRE Simulation scientifi c exploration score.
S = TRE Simulation scientifi c synthesis score.
C = TRE Simulation computer skills score.
NOTE: TRE = Technology-Rich Environments. Column headings in table 
correspond to student questionnaire response categories as follows: Not at 
all = not at all; Small = small extent; Moderate = moderate extent; Large = 
large extent.
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 Indicates that at least one of the four types of scores was 
signifi cantly higher at the .05 level for students giving the 
response at the left of the row than for those giving the response 
at the top of the column.

 Indicates that there was no signifi cant difference in any of the 
four types of scores between students giving the response at the 
left of the row and those giving the response at the top of the 
column.

 Indicates that at least one of the four types of scores was 
signifi cantly lower at the .05 level for students giving the 
response at the left of the row than for those giving the response 
at the top of the column.
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Figure 6-5. Relationship between TRE Simulation performance and reported frequency of computer 
 use outside of school, grade 8: 2003

How often do you use a computer outside of school?

Response Daily
2–3 times 
per week

Once 
a week

Once every 
few weeks

Never or 
hardly ever

Daily † T, E, S, & C T, E, & C T, E, S, & C T, E, S, & C

2–3 times per week T, E, S, & C † T, E T, E, S, & C

Once a week T, E, & C †

Once every few weeks T, E, S, & C T, E †

Never or hardly ever T, E, S, & C T, E, S, & C †

† Not applicable.
T = TRE Simulation total score.
E = TRE Simulation scientifi c exploration score.
S = TRE Simulation scientifi c synthesis score.
C = TRE Simulation computer skills score.
NOTE: TRE = Technology-Rich Environments. 
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National 
Assessment of Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich Environments Study.

 Indicates that at least one of the four types of scores was signifi cantly higher at the .05 level for students giving the 
response at the left of the row than for those giving the response at the top of the column.

 Indicates that there was no signifi cant difference in any of the four types of scores between students giving the 
response at the left of the row and those giving the response at the top of the column.

 Indicates that at least one of the four types of scores was signifi cantly lower at the .05 level for students giving the 
response at the left of the row than for those giving the response at the top of the column.

Is there a computer at home that you use?

Response Yes No 

Yes † T, E, S, & C

No T, E, S, & C †

† Not applicable.
T = TRE Simulation total score.
E = TRE Simulation scientifi c exploration score.
S = TRE Simulation scientifi c synthesis score.
C = TRE Simulation computer skills score.
NOTE: TRE = Technology-Rich Environments. 
SOURCE: U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment of 
Educational Progress (NAEP), 2003 Problem Solving in Technology-Rich 
Environments Study.

 Indicates that at least one of the four types of scores was 
signifi cantly higher at the .05 level for students giving the 
response at the left of the row than for those giving the response 
at the top of the column.

 Indicates that there was no signifi cant difference in any of the 
four types of scores between students giving the response at the 
left of the row and those giving the response at the top of the 
column.

 Indicates that at least one of the four types of scores was 
signifi cantly lower at the .05 level for students giving the 
response at the left of the row than for those giving the response 
at the top of the column.

Figure 6-6. Relationship between TRE Simulation performance and presence of a home 
computer that the student uses, grade 8: 2003
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Performance by Student Groups
Analyses were carried out for average scores for 
NAEP reporting groups defi ned by gender,  
race/ethnicity, parents’ education level, eligibility 
for free or reduced-price school lunch, and school 
location. (See table 6-11 for performance results for 
student groups.) Statistically signifi cant differences 
in student performance were found on one or more 
TRE Simulation scales for all groups except gender 
and school location, and are discussed below. (More 
details on TRE scale scores and percentiles by student 
groups are available in appendix H for those groups 
and scales on which statistically signifi cant differences 
were observed.) It is notable that no difference was 
found between the average scores of male and female 
students in the Simulation scenario.

Performance by Racial/Ethnic Group
NAEP uses school-reported data to identify students’ 
race/ethnicity. For each of the four TRE Simula-
tion score scales, there were statistically signifi cant 
differences among the racial/ethnic groups: White 
students received higher scores on all four TRE scales 
than their Black and Hispanic peers. On the TRE 
Simulation total score, White students scored higher 
(mean scale score = 161) than Black students (mean 
scale score = 127) (t, 15 = 8.21, p < .05) and Hispanic 
students (mean scale score = 128) (t, 5 = 6.68,  
p < .05).

 On the scientifi c exploration scale, White students 
(mean scale score = 160) had higher scores than did 
Black students (mean scale score = 131) (t, 12 = 6.97, 
p < .05) and Hispanic students (mean scale score = 130)
(t, 6 = 6.72, p < .05).

 For scientifi c synthesis, too, the average perfor-
mance of White students (mean scale score = 161) was 
higher than that of Hispanic students (t, 10 = 7.14,  
p < .05), who received a mean scale score of 130, as 
well as that of Black students (t, 13 = 6.73, p < .05), who 
received a mean scale score of 128. 

 Finally, for the computer skills scale score, White 
students (mean scale score = 159) received higher 
scale scores than did Hispanic students (mean scale 
score = 132) (t, 18 = 5.04, p < .05) and Black students 
(mean scale score = 132) (t, 31 = 5.09, p < .05). 

Performance by Parents’ Education Level
Statistically signifi cant performance differences were 
also present for groups of students reporting differ-
ent levels of parental education. NAEP asks how far 
the student’s mother went in school and how far the 
student’s father went in school and uses the higher 
level for this category. As is typical for NAEP results, 
students who reported higher levels of parental educa-
tion outperformed their peers who reported lower 
levels. For the TRE Simulation total score, students 
reporting that a parent graduated from college (mean 
scale score = 161) outperformed students reporting 
that a parent graduated from high school (mean scale 
score = 141) (t, 37 = –5.02, p < .05), and outperformed 
students reporting that their parents did not fi nish 
high school (mean scale score = 121) (t, 20 = –7.19,  
p < .05). In addition, students reporting that a parent 
had some education after high school (mean scale 
score = 150) outperformed those reporting that a par-
ent graduated from high school (t, 41 = –2.18, p < .05) 
and those reporting that their parents did not fi nish 
high school (t, 22 = –5.05, p < .05).

 On the scientifi c exploration scale, the perfor-
mance of students reporting that a parent had 
graduated from college (mean scale score = 159) was 
higher than the performance of students reporting 
that a parent had graduated from high school (mean 
scale score = 142) (t, 38 = –4.18, p < .05) and higher 
than the performance of students whose parents did 
not fi nish high school (mean scale score = 127) 
(t, 32 = –7.02, p = <.05). Additionally, students whose 
parents had some education after high school (mean 
scale score = 151) also outperformed students whose 
parents did not fi nish high school (t, 32 = –4.79, 
p < .05). 
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 For the scientifi c synthesis scale, students who report-
ed that a parent graduated from college (mean scale 
score = 160) scored higher than students with a parent 
who had some education after high school (mean scale 
score = 150) (t, 37 = –2.22, p < .05); than students who 
reported a parent who graduated from high school 
(mean scale score = 142) (t, 27 = –4.87, p < .05); and 
than students whose parents did not fi nish high school 
(mean scale score = 125) (t, 35 = –7.48, p < .05). Further, 
students with a parent who had some education after 
high school (mean scale score = 150) scored higher 
than students whose parents did not fi nish high school 
(mean scale score = 125) (t, 48 = –4.38, p < .05). 

 There were also several statistically signifi cant 
differences among the groups for computer skills. Stu-
dents reporting that a parent graduated from college 
(mean scale score = 160) scored higher on the com-
puter skills scale than students with a parent whose 
highest level of education was graduation from high 
school (mean scale score = 143) (t, 52 = –3.32, p < .05), 
and than students whose parents did not fi nish high 
school (mean scale score = 125) (t, 45 = –6.54, p < .05). 

Performance by Eligibility for Free or Reduced-Price 
School Lunch
Performance can also be analyzed for groups 
defi ned according to eligibility for free or reduced-
price school lunch, as reported by schools. Eligibil-
ity is based on family income and is thus related to 
socioeconomic status. Those students not eligible for 
free or reduced-price lunch received higher mean 

TRE Simulation total scores (mean scale 
score = 160) than students eligible for reduced-price 
lunch (mean scale score = 143) (t, 36 = 3.25, p < .05) 
and students eligible for free lunch (mean scale 
score = 127) (t, 22 = 8.67, p < .05). Students eligible 
for reduced-price lunch, in turn, performed better 
(mean scale score = 143) than students eligible for 
free lunch (mean scale score = 127)(t, 37 = 2.94, 
p < .05).

 For the scientifi c exploration scale, students who 
were not eligible for free or reduced-price lunch 
received higher scores (mean scale score = 158) than 
students who were eligible for free lunch (mean scale 
score = 131) (t, 12 = 6.61, p < .05). 

 For the scientifi c synthesis scale, students who 
were not eligible for free or reduced-price lunch 
performed better (mean scale score = 159) than 
students who were eligible for reduced-price lunch 
(mean scale score = 146) (t, 22 = 2.17, p < .05) and 
students who were eligible for free lunch (mean 
scale score = 130) (t, 21 = 7.31, p < .05). Addition-
ally, students who were eligible for reduced-price 
lunch (mean scale score = 146) had higher scores 
than those who were eligible for free lunch (mean 
scale score = 130) (t, 30 = 2.53, p < .05). 

 For the computer skills scale, students who were 
not eligible for free or reduced-price lunch (mean 
scale score = 158) performed better than those who 
were eligible for free lunch (mean scale score = 131) 
(t, 25 = 5.29, p < .05). 
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Table 6-11. Mean TRE Simulation scores, by student characteristics and number of students, grade 8: 2003

Characteristic
Number of 

students
TRE Simulation 

total score
Scientifi c

exploration score
Scientifi c 

synthesis score
Computer 

skills score

   Total 1,032 150 (2.4) 150 (2.3) 150 (2.3) 150 (3.4)

Gender

Male 545 149 (2.7) 152 (2.7) 151 (2.5) 147 (3.7)

Female 487 150 (3.1) 147 (2.4) 149 (2.8) 153 (3.7)

Race/ethnicity

White 644 161 (1.9) 160 (1.6) 161 (1.9) 159 (3.3)

Black 171 127 (3.8) 131 (3.9) 128 (4.5) 132 (4.1)

Hispanic 168 128 (4.7) 130 (4.1) 130 (3.8) 132 (4.2)

Student-reported parents’ highest 
education level

Did not fi nish high school 66 121 (5.1) 127 (3.8) 125 (4.1) 125 (3.7)

Graduated from high school 199 141 (3.3) 142 (3.1) 142 (3.1) 143 (3.5)

Some education after high school 180 150 (2.8) 151 (3.3) 150 (3.9) 149 (4.4)

Graduated from college 493 161 (2.4) 159 (2.6) 160 (2.2) 160 (3.7)

Eligibility for school lunch

Not eligible 625 160 (2.1) 158 (1.4) 159 (1.7) 158 (3.2)

Reduced-price lunch 70 143 (4.7) 146 (5.9) 146 (5.5) 146 (6.4)

Free lunch 289 127 (3.2) 131 (3.9) 130 (3.6) 131 (4.0)

School location

Central city 254 145 (3.7) 147 (3.1) 146 (3.4) 146 (4.1)

Urban fringe/large town 443 151 (3.5) 150 (3.4) 151 (3.7) 151 (4.0)

Rural 335 151 (3.3) 151 (3.3) 152 (3.5) 151 (3.9)

NOTE: TRE = Technology-Rich Environments. Standard errors of the estimates appear in parentheses. Some seemingly large differences between the performance 
of student groups were not statistically signifi cant because of the large standard errors associated with those differences. Results are shown for three mutually 
exclusive race/ethnicity categories. Black includes African American, and Hispanic includes Latino. Race categories exclude Hispanic origin unless specifi ed. 
Eligibility for free or reduced-price lunch was based on school-reported information. For details about eligibility requirements, see Eligibility for Free/Reduced-
Price School Lunch in Appendix K. Results are not shown for students whose eligibility status for free or reduced-price lunch was not available. 
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2003 Problem Solving in Technology-Rich Environments Study.
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Chapter 7: Summary of Results

The Problem Solving in Technology-Rich Environments 
(TRE) study was designed to demonstrate and explore 
an innovative use of computers for developing, admin-
istering, scoring, and analyzing the results of NAEP 
assessments. To accomplish this exploration, research-
ers developed two sample scenarios focused on using 
computers for problem solving. Because the TRE project 
was intended as an exploratory study involving only 
two scenarios in one domain of science, results cannot 
be generalized to problem solving in technology-rich 
environments as a whole. However, by refl ecting eighth-
graders’ performance in a narrow domain, the study 
illustrates the kinds of tasks, analyses, and results that sce-
nario-based technology assessment can provide in NAEP.

TRE Search Scenario Results
TRE Search consisted of 11 observables and produced a 
total score and two subscores: scientifi c inquiry and com-
puter skills. The internal consistency of the three TRE 
Search scores ranged from .65 to .74. These values com-
pare favorably to those for the NAEP grade 8 hands-on 
science blocks, which, although measuring skills different 
from TRE, also include extended exercises. The hands-
on science blocks usually feature 30-minute extended 
exercises (in contrast to the approximately 40 minutes 
allocated to TRE Search). For the 2000 NAEP science 
assessment, the mean weighted internal consistency, 
taken across three such hands-on blocks, was .62 
(O’Sullivan et al. 2003).

 The Search subscores provided overlapping but not 
redundant information; the (disattenuated) intercor-
relation of the scores was .57. The scientifi c inquiry skill 
scale score was most related in the student sample to the 
relevance of the pages visited or bookmarked, the quality 
of the constructed response to the Search question, and 
the degree of use of relevant search terms (disattenuated 
correlations between performance on the observable and 
scale score = .51 to .71). In contrast, the computer skills 
scale score was most related in the student sample to the 
following factors: the use of hyperlinks, the use of the 
Back button, the number of searches needed to get rel-
evant hits (an effi ciency measure), and the use of book-
marking (disattenuated correlation range = .60 to .69). 
Although the Search scenario required more time than 
the typical NAEP science assessment block, the scenario 
produced more score information because performance 
was evaluated along three dimensions instead of one.

 Some of the differences observed among the per-
formances of major NAEP reporting groups on NAEP 
assessments were also observed on TRE Search. On the 
total score, White students scored higher than Black and 
Hispanic students, and Hispanic students scored higher 
than Black students. Students who reported that at least 

one parent graduated from college scored higher than 
students who reported that their parents did not fi nish 
high school and higher than those who reported that at 
least one parent graduated from high school. Students 
who were not eligible for free or reduced-price lunch 
scored higher than eligible students. Overall, similar pat-
terns of difference were also evident for the two Search 
subscales.

TRE Simulation Scenario Results
The TRE Simulation scenario consisted of 28 observables 
and produced a total score and three subscores: scientifi c 
exploration, scientifi c synthesis, and computer skills. The 
internal consistency of the four scales ranged from .73 
to .89. Like the Search scenario, Simulation compared 
favorably to the NAEP hands-on science blocks, which 
measure skills different from TRE but which employ 
extended tasks. TRE Simulation required more time 
than the typical NAEP science block, and Simulation 
appeared to be somewhat more reliable and produced 
more score information than NAEP science blocks.

 As with the Search scenario, the Simulation subscores 
provided overlapping but not redundant information; 
the (disattenuated) intercorrelations of the scores 
ranged from .73 to .74. The scientifi c exploration skill 
scale score was most related in the student sample to 
three factors—which experiments students chose to 
run to solve the Simulation problems, whether students 
constructed tables and graphs that included the relevant 
variables for Simulation problems 1 and 2, and the de-
gree to which experiments controlled for one variable in 
Simulation problem 3. The scientifi c synthesis scale score 
was most related in the student sample to the degree of 
correctness and completeness of conclusions drawn for 
each Simulation problem. Finally, performance on the 
computer skills scale was most associated in the student 
sample with the number of characters in the conclusions 
students constructed for each of the three Simulation 
problems.

 Also, as with the Search scenario, many of the perfor-
mance differences observed among student groups on 
NAEP assessments held true for TRE Simulation. On 
the TRE Simulation total score, White students scored 
signifi cantly higher statistically than Black and Hispanic 
students. Students who reported that at least one parent 
graduated from college scored higher than students who 
reported that their parents did not fi nish high school 
and higher than those who reported that at least one 
parent graduated from high school. Finally, students 
who were not eligible for free or reduced-price lunch 
scored higher than eligible students. Similar patterns 
of difference were also evident for the three Simulation 
subscales.
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