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EXECUTIVE SUMMARY

Housed at the Graduate School of Education at Stanford University, the Educational Semiotics
and Design Lab (ESD-Lab) conducts research on the improvement of educational artifacts,
procedures, and systems (such as instructional materials, tests, computer-based platforms, and
curricula) intended to support learning and generate information about learning.

The ESD-Lab’s research is grounded in the principles of semiotics, cognitive science, and
design. In simple terms, these disciplines respectively examine how society shapes the ways
information is represented and understood; how humans process, store, and retrieve information;
and how the features of artifacts and environments influence the ways humans interact with
them. Accordingly, ESD-Lab’s research is guided by the notion that optimal design minimizes
unnecessary complexity, thereby maximizing opportunities for individuals to learn and
demonstrate learning.

With generous support from Goodnotes, in 2023, the ESD-Lab launched an investigation aimed
primarily at identifying design factors relevant to creating a platform for iPad-based large-scale
testing. Goodnotes is an application that allows users to take notes, capture information, and
manage files through a wide variety of input modes, including typing, handwriting, and audio
recording.

Our project addressed a major concern arising from the current trend of transitioning large-scale
testing programs from paper-and-pencil formats to computer-administered tests—the relationship
between digital divide and cognitive load. First, differences in the users’ access to digital devices
may produce differences in digital literacy, including the use of digital devices. Second, when
they take tests administered digitally, examinees must use part of their attention figuring out how
to interact with the user’s interface. This added and potentially unnecessary cognitive load may
unfairly impact the performance of individuals from social groups with limited access to or
limited familiarity with digital technologies. Ultimately, such unnecessary cognitive load poses a
threat to the validity of interpretations of test scores.

Thanks to the intuitive, easy-to-learn, and forgiving design of Goodnotes, an iPad-based
Goodnotes testing platform has the potential to minimize unnecessary cognitive load. In
computer-administered tests, examinees must navigate through items, access item content, and
enter responses by performing a wide range of actions, such as selecting icons, activating menus,
moving the mouse, clicking and double-clicking, typing, and more. This complexity contrasts
with the simplicity of the Goodnotes interface, in which users’ actions closely resemble writing
and drawing on paper. An additional advantage of a Goodnotes testing platform is its ability to
convert handwritten responses into printed text—a feature that potentially can increase scoring
objectivity for constructed responses despite individual penmanship differences.



Goals
The project had three goals:

1. To determine the task (item, problem) types that the Goodnotes testing platform needs to
be able to create and administer, by identifying the wide variety of task types used in
large-scale testing programs.

2. To identify the ideal design features of these task types when administered through the
Goodnotes testing platform and ensure that Goodnotes-based tasks are less complex than
their conventional computer-administered counterparts.

3. To identify the ways in which students and teachers interact with the Goodnotes platform
when completing different types of tasks.

Activities Performed
To achieve these goals:

1. We sampled items from three major large-scale testing programs (National Assessment
of Educational Progress [NAEP], Programme for International Student Assessment
[PISA], and Smarter Balanced Assessment Consortium [SBAC]) that were
representative of different task types. We coded and analyzed the frequency of different
item features, and the actions users must perform to respond to them.

2. We developed a framework to characterize the complexity of the sets of actions required
during test taking. This framework was based on the notions of affordance and
constraint and enabled examination of the complexity of computer-administered test
items. The framework was also intended to serve as a tool for Goodnotes staff to guide
the development of the Goodnotes testing platform and to evaluate the complexity of
user actions involved in test taking.

3. We constructed flowcharts to examine the complexity of the user interfaces used by
NAEP, PISA, and SBAC, created Goodnotes mockup versions of items, and constructed
templates (shells) that allow item creation using pre-established design parameters

4. We met periodically by Zoom which Goodnotes staff provided feedback to the ESD-
Lab’ progress and discussed key concepts guiding the research.

5. We held two in-person meetings during which Goodnotes and ESD-Lab discussed the
characteristics of a Goodnotes platform supporting classroom assessment activities.

Products and Outcomes

The products and outcomes of the project can be summarized as follows:



Results from our investigation on the features of items used in large-scale testing programs
indicate that, although such programs provide contractors with item specification documents,
these documents often lack the level of specificity necessary to ensure high design
consistency across item development. Such consistency is critical to minimizing unnecessary
cognitive load during test taking. Given its capabilities, Goodnotes appears to support the
development of test items with superior design quality.

We developed a conceptual framework for designing and evaluating the design of the users’
interfaces used in large-scale testing programs and a coding system to analyze computer-
administered items. Using our conceptual framework, we identify basic concepts for item
design and item design evaluation. We also provide examples of items from large-scale
testing programs and discuss their limitations in terms of affordances and constraints.

We identified basic design principles relevant to generating and analyzing test items, and to
develop a Goodnotes platform for item generation.

Based on the lessons learned, we concluded that a potentially successful strategy for
Goodnotes to develop innovative products for the testing industry could be based on
capitalizing on the important differences between large-scale assessment and classroom
assessment. Beyond grading and file management, effective classroom assessment products
can support social interaction as a core component of learning and assist teachers in
designing, selecting, or customizing assessment activities for their specific classroom
contexts. A Goodnotes platform for classroom assessment could support learning analytics
that not only focus on the accuracy of the students’ responses, but also on other aspects of
student learning in the classroom, such as tracking students’ interactions while responding to
a task, engagement time, and ways to support students’ metacognition and motivation. In
addition, the platform could provide teachers with strategies that support them in
understanding student learning progress focusing on critical learning goals. We believe it is
important for Goodnotes to consider core principles in the development of their classroom
products. Examples of those principles are: 1) good instructional/assessment tasks have a
level of difficulty that allows students to learn from their errors; 2) effective feedback is
effective when it is intended to improve the learner rather than the student’s work; and 3)
effective assessment design must distinguish between learning and performance.

We also concluded that Goodnotes’ initial efforts in the testing industry could include the
development of a platform for item creation. Such a platform would enable test developers to
systematically manipulate and control many item format and design features.

Finally, we created flowcharts that allowed examination of the vertical and horizontal
complexity of user-interface interaction and put together a series of ideas for Goodnotes to
develop a platform for item creation. These ideas include the notion of template (shell). A
template is a hollow structure that is filled out with textual and non-textual content and which
the platform processes and formats according to a set of established design parameters.

Throughout the project, several revisions were made to our activities. Mainly, we de-scoped the
analysis of the user-interface interaction phase of the project, since the Goodnotes platform had



not been implemented. Also, we paid more attention to classroom assessment and provided
Goodnotes staff with feedback on their initial efforts to create a Goodnotes classroom platform
for classroom assessment.

Structure of the Report

This report contains five sections. Section | reports on the development of the conceptual
framework guiding the project, the main research activities performed, and key findings.
Sections 11-V present the project outcomes. Section Il offers strategic recommendations to
inform Goodnotes’ development of large-scale and classroom assessment products. Section 111
discusses basic design concepts that, in our view, are underutilized by test developers, and which
Goodnotes staff could use to design or evaluate the design of test items. Section IV contains the
formal report of the investigation presented in 2025 at the annual conference of the National
Council on Measurement in Education. Section V presents a series of ideas for a Goodnotes
item-creation platform that would allow test developers to systematically create test items
according to a rigorous set of design parameters. Section VI contains the references for all the
sections. Tables and figures appear at the end of each section.



DESIGNING A PLATFORM FOR IPAD-BASED TESTING: LESSONS LEARNED
FROM A RESEARCH AND DEVELOPMENT PROJECT

Motivation for This Project

Important innovations in information technology are propelling a transition in testing practices
from the use of paper-and-pencil to the use of digitally- (computer- or iPad-) administered tests.
This transition introduces new demands for examinees, who now must navigate complex digital
interfaces by interpreting a wide variety of signifiers (e.g., menus, icons) and performing
multiple keyboarding, mousing, and gesturing actions (e.g., clicking, hovering, typing, dragging)
while simultaneously thinking about their solutions and responses to test items (EI-Hashash,
2022).

This added complexity increases test-takers’ cognitive load. Beyond thinking about the content
itself, examinees must determine how to navigate the interface and enter their responses using
digital tools or item formats that may be unfamiliar to them. Potentially, this burden may
adversely affect the performance on tests of students with limited access to computers or iPads.
Specifically, those with minimal exposure to digital devices may struggle navigating their
demands during test taking (Li et al., 2025). This increase in cognitive load concerns test
validity—specifically, whether test scores reflect students’ ability to navigate the testing platform
rather than their actual knowledge and skills (Haladyna & Downing, 2004; Skulmowski & Xu,
2022; Wang et al., 2022).

A Goodnotes iPad-based testing platform offers a promising solution to these challenges. Given
its handwriting and drawing processing capabilities, Goodnotes can simplify testing in both
classroom and large-scale assessment contexts. Students can provide responses through natural
actions (e.g., writing, drawing, marking) that are akin to those involved in responding to a paper-
and-pencil test. Because it can digitize handwritten responses into printed text, such a platform
can also ensure the scorers’ interpretations of students’ responses on constructed tasks are not
affected by students’ penmanship.

However, realizing this potential requires careful examination of how a Goodnotes interface
needs to be designed for testing purposes. Understanding the types of tasks used in major
assessment programs, the interface capabilities needed to support these tasks, and how students
and teachers would interact with such a platform is essential to ensuring that a Goodnotes testing
interface reduces—rather than introduces—nbarriers to valid testing.

Original Goals
We aimed to investigate factors critical to designing a Goodnotes-based interface for computer-

or iPad-administered testing in both classroom and large-scale assessment contexts. We also
aimed to provide Goodnotes with feedback on interface characteristics needed to effectively



administer assessment tasks and capture test-taker performance data. Our research originally
focused on three aspects of a Goodnotes platform for large-scale testing:

1. Survey of Items: We aimed to identify the wide variety of tasks used in assessment that
Goodnotes needs to be able to support. Using samples from three major large-scale testing
programs: (National Assessment of Educational Progress [NAEP], Programme for
International Student Assessment [PISA], and Smarter Balanced Assessment Consortium
[SBAC]) We intended to identify the response formats (e.g., fill-in-the-blank, writing, line
drawing, free-style drawing, labeling, highlighting) and actions (e.g., keyboarding, mousing,
tapping) most frequently used in major large-scale testing programs. We also aimed to
examine the correspondence between tasks used in major large-scale tests and those
currently used in Goodnotes classroom contexts.

2. Profile of Goodnotes Capabilities: We aimed to identify specific aspects of the Goodnotes
platform requiring refinement to effectively administer classroom-based assessment and
large-scale test tasks. We planned to identify task types that could be developed using
current Goodnotes capabilities and those requiring further development or refinement.
Through an iterative revision process, we intended to script Goodnotes versions of each
identified task, analyze the complexity of current large-scale assessment items and their
Goodnotes counterparts, and compare the two interfaces in terms of horizontal and vertical
complexity (i.e., the number of signifiers and the length of action sequences examinees must
complete to enter responses). The results of this analysis of capabilities were expected to
inform the refinement of the Goodnotes interface.

3. User-Interface Interaction Analysis: We aimed to identify how students interact with the
interface and how educators use the Goodnotes platform to inform interface design
improvements. We planned to have students from different grade levels, cultural and
linguistic backgrounds, and socioeconomic statuses respond to sample items in the
Goodnotes platform and participate in verbal protocols and cognitive interviews. We also
intended to interview teachers about their use of Goodnotes for formative assessment tasks
and any difficulties encountered. The results of this empirical analysis were expected to
clarify the extent to which users interact with Goodnotes as intended by designers and to
identify necessary improvements.

Revised Scope

We decided to de-scope the user-interface interaction analysis due to the lack of an implemented
testing platform. However, following Goodnotes’ request, we expanded our discussion of
classroom assessment.

The revised project activities can be summarized as follows.

1. For the task analysis, we examined 660 computer-administered items from public item
releases of three large-scale testing programs — NAEP, PISA, and SBAC — administered
between 2015 and 2024 across Reading, English Language Arts, Mathematics, and
Science. TIMMS (Trends in International Mathematics and Science Study), an important



international large-scale test commissioned by the International Association for the
Evaluation of Educational Achievement (IEA), was not included in the study because, at
the time, its item public release did not include computer-administered items. Using a
social semiotics perspective (see Kress, 2006), we analyzed the selected large-scale
testing programs’ items according to the functions, actions, and signifiers involved. We
presented these results at the 2025 Annual Meeting of the National Council on
Measurement in Education. Detailed results are reported in Section IV.

2. Drawing on lessons from the task analysis, we proposed ways in which a Goodnotes
testing interface could be developed. Our goal was to maximize Goodnotes’ capabilities
while minimizing test-takers’ cognitive load and addressing design problems observed in
current large-scale assessment interfaces. We created examples of how the Goodnotes
interface could be improved for different item formats.

3. Drawing on our experience design items, we also articulated a set of ideas for Goodnotes
to develop a platform for item creation. Such platform would allow test developers to
create items of different types according to rigorous format and design specifications

4. Throughout the duration of the project, we met several times with Goodnotes staff. In the
two in-person meetings, the Goodnotes staff shared with us ongoing versions of their
platform for classroom assessment. In addition to examining the current usability and
functionality of the Goodnotes classroom assessment platform, we identified areas for
development based on current theory and research on classroom assessment.

Key Findings and Lessons Learned
The knowledge gained from these activities can be summarized as follows:

1. Our investigation of functions, actions, and signifiers across three large-scale assessment
programs revealed significant design complexity and inconsistencies in the testing
platforms used by major assessment programs. The formats used to deliver items of the
same type vary considerably within each program. For example, identical functions may
require examinees to interpret and activate different sets of signifiers across similar items.
This inconsistency unnecessarily increases cognitive load as, in addition to solving the
problem at hand, students must determine how to interact with the interface. These issues
stem from a critical gap: Assessment frameworks and item specification documents often
lack detailed guidance on digital item delivery characteristics. Without explicit design
criteria, the process of item development is not enacted systematically. Rather, it is
shaped by idiosyncratic decisions or by the limitations of the software used by test
developers to create items.

2. We identified a design paradox in our effort to devise a Goodnotes large-scale testing
platform: Features valued by Goodnotes users are incompatible with large-scale testing
practice. While Goodnotes’ flexibility and its ability to offer multiple pathways to
perform actions enhances usability, this same flexibility may constitute a threat to
validity of score interpretations and uses. Multiple signifiers and actions (e.g., a back
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button and a double-tap touch screen gesture) serving the same function (e.g., undo)
increases cognitive load, as users must decide the actions they need to take to enter their
responses. In testing contexts, where the goal is to measure content knowledge rather
than interface proficiency, providing an abundance of options unnecessarily increases
item difficulty. Moreover, the capability for individual customization conflicts with the
principle of standardization in test administration—testing conditions must be consistent
for all students, except when accommodations are to be provided for students with special
needs.

Our analysis uncovered fundamental differences in interaction modalities between
platforms. While computer-administered tests rely exclusively on mouse-based
interactions, tablet implementations must accommodate both Apple Pencil and touch-
based input methods. This dual-input capability introduces critical design decisions
regarding affordance integration; specifically, whether to leverage the full spectrum of
tablet-native interactions or constrain them to maintain assessment standardization. Each
choice significantly impacts the resulting combination of signifiers and actions and user
experience patterns. The general user interface presents even greater complexity,
encompassing considerations that extend beyond item-specific interactions. Design
decisions must address typography specifications, navigation paradigms (e.g., scrolling
versus page-swiping), zoom functionality (e.g., gesture-based versus button-controlled),
page progression methods (e.g., gesture-based swiping versus explicit next/back buttons),
and annotation capabilities that mirror traditional paper-and-pencil testing affordances.

We concluded that, unlike the existing Goodnotes application, a Goodnotes testing
platform needs to prioritize consistency over flexibility. Specifically, to minimize ability
to navigate a digital interface as an extraneous factor in the measurement of student
skills, the Goodnotes testing platform needs to meet the following conditions:

e Standardization of interaction patterns. Identical tasks should behave identically
throughout the platform, allowing examinees to learn interaction patterns once and to
apply them consistently across items.

e Minimization of signifier redundancy. Each function should be executed in one single
way consistently across items, thus minimizing decision-making unrelated to test
content.

e Enforcement of constraints. When assessment tasks specify limits (e.g., number of
options to select, maximum word length), the interface should enforce constraints
automatically (e.g., by alerting the examinee when the number of options requested is
not being met, by disallowing entering text in response boxes when the maximum
length of words has been exceeded), rather than assuming that examinees will follow
directions on how to enter their responses to items.

e Minimization of cognitive load complexity. Interface design should use the minimal
number of signifiers and require the minimum number of actions. Increasing the
cognitive load may increase construct-irrelevant variance.
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5. We observed that efforts being made to develop a Goodnotes classroom assessment
platform were focusing mainly on the information collected from classroom activities
(e.g., functions that allow teachers to grade students’ work, keep students’ records, etc.).
There is an important set of opportunities for Goodnotes to develop features related to
social interaction (e.g., how students work together, what kinds of classroom
conversations teachers facilitate, how teachers provide feedback). We also observed that
efforts to develop a classroom assessment platform appeared to be primarily focused on
channeling information from classroom activities into formalized, gradable artifacts (e.g.,
homework, assignments, tests), with comparatively limited support for documenting and
analyzing informal, “in-the-moment” process-oriented assessment practices that emerge
through classroom dialogue, collaboration, and responsive teacher feedback. There is a
room for a Goodnotes classroom assessment platform to expand its support for informal
assessment—the form of assessment in which teachers obtain information on their
students’ progress towards the learning goals, through unstructured activities (e.g.,
quizzes, short conversations, calling out individual students to participate) that are often
improvised and emerge naturally from classroom social interaction.

6. We also concluded that any efforts or actions towards developing a Goodnotes classroom
assessment platform need to be independent from the efforts and actions being taken to
develop a Goodnotes large-scale testing platform. Specifically, we concluded that efforts
to develop a Goodnotes classroom assessment platform need to be grounded on a robust
conceptual framework on classroom assessment for providing teachers with:

e ideas for organizing their teaching through activities with diverse forms of social
interaction;

e resources for conceptual understanding about the importance of the characteristics of
instructional and assessment tasks in the classroom (e.g., productive struggle, task
variations needed to promote conditional knowledge — knowledge that is more likely
to be transferable);

e resources to understand the distinction between learning and performance during
assessment design — appropriate performance in a given task does not necessarily
mean that the students have learned the content in a manner that will be applied at a
later time in different contexts;

e resources for promoting the participation of all students in class through multiple
forms of formative formal and informal formative assessment and multiple and
group configurations (e.g., small groups, pairs);

e resources and ideas for teaching multiple forms of knowledge (e.g., factual,
procedural, schematic, and conditional) and multiple forms of knowledge
representation (e.g., verbal, graphic, gestural, written, with formulas, etc.).
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RECOMMENDATIONS

This project identified important issues and yielded lessons learned that the ESD-Lab believes
Goodnotes may be interested in considering in planning its development as a company offering
assessment products and services.

1. The development of a Goodnotes large-scale testing platform needs be consistent with the
principle of standardization in testing—to minimize performance differences attributable
to factors unrelated to the knowledge or skills being assessed, students must be tested
under the same conditions. Paradoxically, while one of the strengths of the Goodnotes
platform is the wide range of options available for personal customization, that features is
not recommendable in testing platform, except for cases when examinees with special
needs need to be provided with accommodations such as larger font size, colored
background, highlighting, etc. Moreover, to minimize unnecessary cognitive load, such a
testing platform need to use the minimum set of signifiers and actions needed for
examinees to navigate the platform and provide their responses.

2. Goodnotes may also want to consider developing software and applications to support
systematic and effective item creation in the testing industry. The fact that state, national,
and international testing programs are administered by a small number of companies
limits Goodnotes’ possibilities to access the testing market, especially because tests are
typically computer-based, not iPad-based. However, as our investigation revealed,
contractors working for testing programs do not appear to use sufficiently powerful tools
that support item creation based on rigorous design parameters. A Goodnotes platform
for item creation would represent a major advancement in the field of testing by enabling
the systematic development of test items. The platform would allow test developers (the
users) to select formats for different problem types and specify values for multiple design
parameters defining characteristics of text (e.g., length, position, font style, font size),
tables (e.g., number of rows and columns, length of table captions), and figures and
illustrations (e.g., color, line style, complexity, realism), among many other features. In
addition to enabling rapid and systematic item creation, such a platform would ensure
design consistency among items within the same grade level and testing program—a
property essential for high-quality assessment and one that has yet to be fully achieved by
existing testing programs.

3. Future efforts to develop Goodnotes platforms for large-scale testing and classroom
assessment will be effective to the extent that they are sensitive to the differences
between these forms of assessment, as they serve different purposes and involve different
users (i.e., examinees vs. teachers). Large-scale assessment is typically summative
(assessment of learning), focuses on learning as an outcome (i.e., the knowledge and
skills acquired at the end of a lesson, unit, course, or academic year), uses standardized
tasks administered in the same way to all students, and is intended to generate
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information—usually in the form of scores—that compares each student’s learning to
predefined learning objectives or to a reference group or population. Such assessments
are typically used to assign grades. In contrast, classroom assessment may be either
summative or formative. Formative assessment (assessment for learning) focuses on
learning as a process, including how students think and construct knowledge and the
processes through which they come to understand content. It uses both formal tasks and
informal (often improvised) activities, may involve individual and group work, and is
intended to produce qualitative and quantitative information that teachers primarily use to
adjust instruction and support student learning. Classroom assessment takes place as an
integral part of teaching and learning activities.

The development of a Goodnotes classroom assessment platform needs to be grounded in
a conceptual framework of classroom teaching and learning as a process of social
interaction. This framework could guide and support the actions teachers perform in both
formal and informal assessment activities. Central to effective assessment is teachers’
ability to create conditions for social interaction that allow them to communicate with
students individually, in small groups, or with the whole class. The ESD-Lab team
believes that an effective Goodnotes classroom assessment application needs to be able to
support teachers in generating learning and assessment activities tailored to their specific
classroom contexts, rather than simply providing highly structured formats for collecting
information and scoring student performance. While user customization is antithetical to
standardization in a Goodnotes large-scale testing platform, it appears to be an essential
feature of a Goodnotes classroom assessment platform. The conceptual framework for
classroom teaching and learning mentioned above would ensure that such customization
is sensitive to the forms of social interaction and types of knowledge that are central to
teaching and learning across diverse classroom contexts.
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BASIC CONCEPTS FOR ITEM DESIGN AND ITEM DESIGN
EVALUATION

Introduction

This section introduces basic concepts and reasoning for designing and evaluating iPad-
administered items. Originated primarily from the fields of semiotics, design, and cognitive
psychology, these concepts are key to minimizing inconsistent user-device interaction patterns
that impact user interface usability and constitute a threat to validity in testing because they
impose irrelevant cognitive load.

The ideas discussed are supported by findings from our investigation into the design of digitally-
administered tests (See Section 1V). Our examination of hundreds of items currently used by
three major large-scale assessment programs—NAEP, PISA, and SBAC—revealed frequent and
serious limitations in item design in current test development practices. The lessons learned
could inform Goodnotes’ efforts to create an item creation platform through a set of rigorous
design parameters.

First, we explain three core design principles: affordance, constraint, and consistency. Then,
we discuss two related cognitive processing concepts—cognitive demand and cognitive load.
Finally, we illustrate the ideas discussed by evaluating the design of publicly released multiple-
choice items from a large-scale testing program according to these three concepts.
Core Design Principles
Affordances: Visual Cues That Guide Action
The term affordance refers to the set of attributes of objects, artifacts, or systems that
influences how they are used. According to Gibson’s (1979) ecological perspective,
affordances are action possibilities that the environment provides. Using a cognitive
perspective, Norman (2013) further developed this view by emphasizing that the
characteristics of objects determine how they are used, whether they are used as intended,
and how individuals interact with them.

In simple terms, affordances are cues that show users what they can do. Good affordances
make the correct action obvious without explanation.

In the context of assessment design, affordances:
e make items likely to be acted upon through intended functions;
e enable students to both access content and provide responses with ease; and

e lead to proper actions and effective platform interactions, thereby minimizing trial and
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error.
Constraints: Design Limits That Prevent Errors

The term constraint refers to a set of attributes that limits the ways in which an object,
artifact, or system can be used, restricting possible actions to only those critical for correct
use. In simple terms, constraints are design features that prevent users from making mistakes
and guide their behavior toward specific intended actions.

In the context of assessment design, constraints:

e prevent undesirable or ineffective actions;

e restrict interactions to only those strictly needed for content access and response; and

e Mminimize unnecessary errors and incorrect actions that are irrelevant to the content being
assessed.

In Figure 3.1, the text input box indicates where students need to type their answers (i.e.,
affordances). Simultaneously, the word counter imposes a limit on response length, and
words beyond the limit are not recorded (i.e., constraints).

Consistency: Predictable Patterns Across Items

The term consistency refers to the extent to which different objects or artifacts of the same
kind provide a common set of affordances and constraints. In simple terms, consistency is
attained when the user-interface interaction is the same across items of the same type.
Consistency:

= ensures that all items of the same type (e.g., multiple-choice, plotting) have the same set
of identical signifiers and require identical sets of actions;

= increases learnability; students can transfer the experience gained from responding to a
given item in the ways they respond to other items of the same type; and

= minimizes cognitive load by offering routinely consistent and recognizable patterns.

Figure 3.2 shows two items whose design is inconsistent. In one item, students need to select
the right option by filling in a circle; in the other, students need to highlight the option.

Cognitive Processing
Understanding how students process assessment items is crucial for a Goodnotes platform

design. Poor interface design can unnecessarily increase item difficulty and, ultimately, threaten
validity in testing.
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Cognitive Demand

Cognitive demand refers to the thinking and reasoning required to respond correctly based on
content knowledge and skills.

Items requiring fact recall (e.g., names or dates) are typically less cognitively demanding
than items requiring problem-solving with novel scenarios or conflicting information. Higher
cognitive demand indicates greater knowledge complexity needed for a successful response.

Cognitive Load

Cognitive load refers to the total mental processing required to access and respond to an item.
It comprises two components:

e Intrinsic cognitive load: Cognitive load involved of processing information that is
relevant to the knowledge and skills being assessed by a specific task.

e Extraneous cognitive load: Cognitive load involved in responding to a task, but which is
irrelevant to the target knowledge and skills. It includes the mental effort spent
determining required actions, navigating the interface (e.g., interpreting signifiers and
figuring out how to enter a response). Optimal design minimizes extraneous cognitive
load allowing the user to focus their attention and effort on responding to what the item is
asking.

Ideally, all the cognitive load imposed by a task should be intrinsic. Extraneous cognitive
load increases when students need to interpret unclear signifiers or figure out how to interact
with the interface, rather than focus on the task at hand. High-quality item design minimizes
extraneous cognitive load through optimal affordances, constraints, and consistency across
similar item types.

An Example

In this sub-section we examine two selected-response items from a major large-scale testing
program. The examples shown in Table 3.1 illustrate how minor design differences create
significant usability issues. In Item 1, examinees need to select one answer from four options (A,
B, C, and D) using radio buttons (circles). In Item 2, examinees need to select exactly two
options from six options by checking on the corresponding boxes. Despite the specific
requirement in the number of options to select, the interface does not restrict the number of
options that the examinee can select.

Table 3.2 shows the design analysis of the same items. Item 1 imposes a minimal extraneous
cognitive load due to a clear single-selection constraint and an obvious interaction method,
allowing students to focus primarily on content evaluation. In contrast, Item 2 imposes
unnecessary cognitive load due to the absence of selection constraints, which forces students to
self-monitor the number of their selections. The faulty design diverts the examinee’s attention,
which needs to be partially used in ensuring how to interact with the interface rather than
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understanding and processing the item’s content.

Table 3.3 compares in detail Item 1 and Item 2 in terms of affordances, constraints, design
consistency, and cognitive load, and provides suggestions for design improvements.

Design Recommendations for Goodnotes

Based on the ideas presented, we offer several item design recommendations for a Goodnotes
testing platform.

Constraint and Error Management
e Make constraints automatic: If instructions specify restrictions (e.g., selections, word
count, time), the interface should enforce them without assuming that the user will

always follow directions on how to respond to the items.

e Design for error prevention: Anticipate common mistakes and make them impossible,
rather than correctable.

Consistency and Clarity
e Standardize task patterns across the platform.

e Design for immediate clarity: Interface appearance should communicate function with a
minimal explanation.

e Provide meaningful feedback that allows users to immediately see the consequences of
their actions.

Cognitive Load and Validity
e Prevent construct-irrelevant difficulty caused by interface complexity.
e Minimize cognitive load.
Accessibility and Technical Implementation
e Maintain cross-item consistency within the same testing interface.
e Support accessibility from the outset rather than retrofitting it later.
Conclusion and Next Steps
Implementing these design principles are critical to positioning Goodnotes as a leader in

assessment development technology. Consistent, well-designed interfaces not only improve user
experience but also ensure valid measurement of student knowledge and skills. Recommended



next steps include:
e evaluating existing Goodnotes assessment features according to these principles;
o developing platform-specific design guidelines;
e implementing user testing protocols; and

e training design and development teams on cognitive load principles.
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Table 3.1
Two Items from the SBAC
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Item 1: Selecting one option

Item 2: Selecting several options

GUEST

GUEST

Last Saved: B:23 PM

Which detail from the passage best explains why the father must stop working in the
field?

& The father needs to return home to cook the dinner.

® The father asks the neighbor to do the work in the fields for him.

© The father’s sons depend on him to stay home and care for them.

® The father’s age makes it too difficult to do farm work any longer.

What is the most likely reason the author included the final sentence in the passage?

Pick two choices.

to show that the old man's plan had worked

to show that the boys are mad about being tricked

to show that the boys are happy about earning money

to show that the old man does not want the boys to know the secret

to show that the old man wants his sons to look at something in a new way

to show that the old man is mad at his boys for not helping him for years




Table 3.2

Comparative Design Analysis of the Items Shown in Table 1
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Item

Item 1

Item 2

Design Element

Option Signifiers

Selection Method

Deselection

Constraints

Single Choice
Letters A, B, C, D differentiate options

Click circle; filled circle + dotted line
indicates selection

Automatic when another option selected

Only one selection possible; cannot
deselect all

Multiple Choice

Squares indicate beginning of each option

Click square; checkmark + dotted line indicates selection

Click selected option again to deselect

No constraints—can select any number despite instructions to
select two




Table 3.3
Comparison of the Items Shown in Table 1 According to Core Design Principles
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ltem 1

ltem 2

Affordances

Options signifiers: Letters A, B, C, and D
differentiate options.

Option selection: A black-filled circle in the letter
and a dotted line indicate that an option has been
selected.

Option deselection: An option is deselected when
another is selected.

Clickability: The cursor changes from * to ‘[Ln?
when hovering it over an option that is clickable.
Then a green circle with a light-blue border appears
after clicking on the option.

Constraints

Only one option can be selected.

Actions possible only with clickable signifiers.
Once an option is selected, it is not possible to
deselect all the options.

Consistency

Affordances

Option signifiers: different.

Option selection signifiers: different.
Option deselection signifiers: different.

Constraints
e  Number of selectable options: different.

e Allowed actions only with clickable signifiers: same.

e Deselection actions: different.

Cognitive Load

Minimum extraneous cognitive load while
responding to the item, if considered in isolation.
However, increased extraneous load in test taking
due to inconsistent design across items.

Suggestions for Design Improvement (Both Items)

e Use different signifiers depending on the allowed number of options selected (e.g., circles when one option
must be selected, squares when more than one option can be selected).

e Create constraints to restrict the number of options the directions ask students to select.

Option signifiers: A square indicates the beginning
of each sentence.

Option selection: A black box with a white check
mark and a dotted line indicate that an option has
been selected.

Option deselection: A selected option is deselected
by clicking again on it.

Clickability: The cursor changes from k‘ to '*!b
when hovering it over an option that is clickable.
Then a green check mark inside a hollow box with a
light-blue border appears after clicking on the
option.

Actions possible only with clickable signifiers.

Clickability: same logic; same signifiers with slightly different sets of colors.

Increased extraneous cognitive load while
responding to the item due to the lack of
constraints that ensure that the number of options
selected is consistent with that stated in the
directions.

Increased extraneous load in test taking due to
inconsistent design across items.



Figure 3.1
An Example of Affordances and Constraints

Explain in no more than 100 words the main purpose of the Declaration
of Independence inthe U.S

Word count: 0 of 100
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Figure 3.2
An Example of Inconsistent Design
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Which of the following best
describes the main purpose of the

Declaration of Independence?

O To create a new set of laws for
the United States.

(O To officially break away from
British rule.

To form an alliance with other
countries.

O To declare war on Great Britain.

Why is the Mayflower important
ship American history

It was the first ship to sail around
the world.

It was the first president’s ship.

It broughtthe Pilgrims who founded
the first colony.

It foughtin the Amerncan
Revolution.
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Abstract
We address optimal design as critical to minimizing unnecessary cognitive load during test
taking and, consequently, minimizing score error variance. In computer-administered testing,
students select options, draw lines, generate text, and execute many other functions that involve
interpreting signifiers (e.g., icons, labels, and menus) and performing actions (e.qg., clicking,
dragging-and-dropping, and typing). We examined the functions, signifiers, and actions in
science, mathematics and English language arts items from three major large-scale testing
programs. We observed disproportionately higher frequencies of option selection over other
functions. We observed inconsistencies in the design of items of the same type (e.g., multiple-
choice) within each program. Our findings indicate that: (1) digital technology resources are
under-utilized, as they could be used to capture a wider variety of student responses; (2) the
design of items and testing platforms is not optimal; (3) improved methodologies for systematic,
principled computer-based testing design are needed to minimize unnecessary cognitive load
during test taking—an important source of error variance.

Introduction
The rapid transition from paper-and-pencil to digital (computer- or tablet-based) modes of

administration in large-scale testing increases cost-efficiency but appears to neglect the validity
of performance measures. While there is some literature examining the exchangeability of paper-
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and-pencil and digital modes of administration (Bugbee, 1996; Neuman & Baydoun, 1998;
Scrimgeour & Huang, 2022), little is known about the ways in which mode of administration
interacts with other important factors such as the content area assessed and the examinee’s level
of digital literacy (Reddy et al., 2020). Furthermore, despite the possibilities offered by new
digital devices to capture different forms of performance (Perry et al., 2022), multiple-choice
continues being the overwhelmingly dominating type of item used by large-scale testing
programs. Since different types of items tap into different forms of knowledge (Martinez, 1999,
Ruiz-Primo et al., 2009), fact recognition and declarative knowledge may be overrepresented
with respect to other, higher-order thinking skills in large-scale testing.

The transition to digital modes of test administration appears to be occurring without adequate
consideration of its inherent complexities. For example, when students take computer-
administered tests, they need to select options, draw lines, generate text, and execute many other
functions. This requires aptly interpreting signifiers such as icons, labels, and menus, and
performing a wide variety of instrumental actions such as clicking, dragging-and-dropping, and
typing. Such complexities are a source of construct-irrelevant variance when cognitive and
technical demands unrelated to the academic skills being assessed, compromise the validity of
interpretation of test scores.

The investigation reported here is part of a research agenda committed to optimizing the design
of digital testing platforms. We examined, from the perspective of interface design, the
information students need to possess and the actions they need to take to navigate testing
platforms and to respond to items in computer-administered items. Specifically, we examined the
functions, signifiers, and actions involved in responding to items in the testing platforms of three
major testing programs.

Conceptual Framework

Our investigation is informed by three theoretical perspectives: social semiotics, cognitive
theory, and psychometrics. The perspective of social semiotics (Kress, 2006; the study of how
meaning is represented and interpreted according to social conventions), allows examination of
identifiers (e.g., icons, labels, menus) which students need to interpret to navigate a testing
platform, gain access to the content of items, and respond to those items (Solano-Flores, 2021).
The perspective of cognitive theory and design allows examination of cognitive load (Sweller et
al., 1998) in problem solving, especially in digital devices (Skulmowski & Xu, 2022). Excessive
extraneous cognitive load may result from complex or inconsistent design, as students may need
to use part of their working memory not only to reason about the task at hand but also to figure
out how to enter their responses.

The perspective of psychometrics alerts us about score variance due to student differences in
knowledge and skills that are irrelevant to the content assessed (Haladyna & Downing, 2004). In
digitally administered tests, student score differences may be due to not only the differences in
the knowledge and skills assessed but also the differences in the ability to navigate the testing
platform.
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Drawing from these three perspectives, we identify three key concepts—function, signifier, and
action—as critical to optimal test design. Functions are the things that students can do when
they take a test. General user interface functions allow students to navigate the testing platform
(e.g., moving from one item to the next or to a previous one, activating or deactivating a
calculator, scrolling down or up on the screen, writing, typing, deleting, and highlighting); they
are typically fixed and do not vary substantially across items of the same item type (e.g.,
multiple-choice) or content. Item-specific functions allow students to access the content of an
item and to provide their response to that item (e.g., by selecting an option, entering a number,
or typing text). Because they are sensitive to different forms of performance, different types of
items tend to have different sets of functions.

Signifiers are affordances that indicate possible uses of the testing platform, and possible
actions students can take to navigate the platform and respond to items. A signifier invites the
test taker to act on it to execute a function. Signifiers can be visual (e.g., icons such as the
image of a calculator), text (e.g., a label), auditive (e.g., a chime, a voice giving an indication),
or haptic (e.g., the vibration of a joystick). Icons and buttons are signifiers commonly used in
digital testing platforms to indicate affordability. For example, an eraser representing the delete
function may appear with one of three different background colors: white to indicate the
function is not available, gray to show the function is available but inactive, and green to signal
that the function is both available and active. Different presentations of the same icon serve as
distinct signifiers, each conveying a different meaning.

Actions are manipulations that allow the test taker to execute the functions necessary to
navigate the testing platform and to gain access to the content of items and respond to them.
For conceptual purposes, it is important to distinguish between virtual actions—which reside
on the computer screen—and instrumental actions—which take place in the real world. Virtual
actions are performed through instrumental actions. For example, highlighting a sentence in the
text displayed on the screen is a virtual action that requires first, clicking a button in the mouse,
then moving the mouse while pressing that button, and then releasing the button.

The following example illustrates how the concepts of function, signifier, and action work
together: Computing with a calculator is a function available in a testing platform. The
availability of this function and whether it is active is indicated by the calculator icon and its
background color (signifier). The actions performed to activate or terminate the computing
action are performed by clicking on the icon.

We propose three notions as key to analyzing optimality in the design of digital testing
platforms. First, a testing platform’s design can be examined based on the sets of functions
students need to execute to take a test and the signifiers and actions involved in such functions.
Second, a function is executed through a combination of one or more signifiers and one or
more actions. Third, a testing platform’s design is optimal to the extent that it minimizes the
number of signifiers and actions needed to execute functions and to the extent that it
consistently involves the same set of functions, signifiers, and actions across items of the same
type. We contend that optimal design ultimately minimizes unnecessary cognitive load during
test taking, thereby minimizing construct-irrelevant score variance.

Research Questions
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We formulated two research questions:

1. What are the commonalities and differences in the sets of functions, signifiers, and
actions used in major large-scale testing programs’ testing platforms?

2. How optimal is the design of these testing platforms?
Methods

Item Sample. We examined a sample of 660 computer-administered items obtained from the
public item releases of three large-scale testing programs platforms—National Assessment of
Educational Progress (NAEP; National Center for Education Statistics, n.d.), the Programme for
International Student Assessment (PISA; Organisation for Economic Co-operation and
Development, n.d.), and the Smarter Balanced Assessment Consortium (SBAC; Cambium
Assessment, Inc., n.d.) —administered between 2015 and 2024 across different content area
(Table 4.1). (Note 1) In this item count, both stand-alone items and items that were part of item
bundles are regarded as separate items. The items belonged to three item type categories:
Multiple-Choice, Open Response, and Plotting/Adding, whose percentages varied, respectively
between 65% and 69%; 27% and 34%; and 0% and 4% across the item subsamples from the
three testing programs.

Coding

We developed a comprehensive coding catalog of the different functions, signifiers, and actions
identified in a sub-sample of items from the three testing programs. Then we developed a
dichotomous coding system to document the presence or absence of the different functions,
signifiers, and actions at both the general interface and item levels. Specifically, while
responding to each of the 660 items, we coded (1-0) the functions available to navigate the
platform and to respond to the item and the signifiers and actions involved.

Figure 4.1 illustrates the structure of the coding categories used. Two researchers coded the same
subset of items independently and resolved any coding discrepancies. However, inter-coder
consistency in this form of coding is not an issue, as it does not depend on subjective judgment
and is based on examining all the possible sequences of actions taken by the student in
navigating the testing platform or responding to an item (Solano-Flores & Martinez, 2023).
Figure 4.2 provides an example item from NAEP testing interface and the examples of signifier
coding. In this case, the item type is “Multiple-Choice” and the sub-type is “Select an Option
from Multiple Options”. The item-specific function is “Selection” and the required action is
“clicking on a bubble”.

Data Analysis
As seen in Table 4.1, the three testing programs focus on different sets of content areas, and

target different sets of grades or ages, for different content areas. In addition, they are
administered with different periodicities and release different numbers of items. These conditions
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make fully crossed designs (e.g., content area x grade X testing program) unattainable. Given
these limitations and the scope of our investigation, our analyses focused on the frequencies of
functions, signifiers, and actions observed, regardless of content area and grade.

At the general user interface level, we examined the frequencies of different types of items and
the frequencies of different functions and their signifiers in the three testing platforms. At the
item level, we examined the frequencies of functions, and the virtual actions involved in
responding to items by item type within each testing platform. For simplicity, we refer to these
virtual actions simply as actions.

Results

To respond to our research questions, we report the frequencies of items of different types in the
three testing platforms and the frequencies of functions and signifiers observed at both the user
interface and item levels. Then we discuss the optimality of the testing platforms according to the
principles stated in our conceptual framework.

Item Types and Sub-Types Across Testing Programs

Table 4.2 provides information about the frequency and percentages of the different types of
items identified across the sample of 660 items. Most items were multiple-choice, followed by
open response and plotting /adding items (respectively 67%, 31%, and 2% on average across the
three testing programs).

Our examination of the items revealed that the testing programs have different sub-types
(variations) of multiple-choice items. Five sub-types of multiple-choice items are common in
these three large-scale testing programs. “Select an Option from Multiple Options” was the most
frequent sub-type of multiple-choice item observed in the three testing programs (42% on
average). Beyond this dominant sub-type, each testing program had different varieties of
multiple-choice items, with “Change the Location,” “Matrix Table Choice,” and “Multiple
Select,” as the second most frequent sub-type respectively for NAEP, PISA, and SBAC. (Note 2)
Only SBAC included “Select Sentence(s)” items. Also “Dropdown Choice” and “Binary Choice”
items are only in PISA.

Similarly, we identified three types of Open-Response items. “Short-Answer” and “Essay” are
common across the three testing programs. The “Create a Row and Select” sub-type was
observed only in PISA’s testing platform. To answer this item type, test taker should first run the
simulation under different conditions to generate data. Then, click on two rows of data in the
table that best support the answer — the selected rows will be marked with a star. The least
frequent type of item was “Plotting/Adding,” observed in both NAEP’s and SBAC’s testing
platforms, especially that SBAC’s testing platform has a “Adding a Shade” sub-type. The
detailed screenshot of the item types and sub-types can be found in Appendix 4.A.

General User Interface Functions and Signifiers. Table 3 shows the general user interface
functions and signifiers observed. We identified 28 signifiers across the three platforms. A few
of them (mostly observed in the SBAC platform) are accompanied by a label. Some signifiers
can be assumed to be easily recognized by any audience, as in the case of the eraser for the delete
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function. In contrast, other signifiers may not be familiar to all users, as in the case of the
signifier used for delete page cursor function, which does not represent any concrete object.
Only three signifiers were common across the three platforms: “Next,” “Back,”” and “Help.”” In
the three programs, when the user clicks on the “Help” button, a window pops up that displays
the icons and briefly explains how to activate each. More than half of the 28 signifiers observed
in the three testing platforms were unique to the NAEP platform (n = 16; 57%). This means that
test takers taking NAEP must interpret more signifiers to respond to computer-based items. Four
signifiers are common to different pairs of testing platforms: “Progress Bar” (PISA and SBAC),
“Timer” (NAEP and PISA), “Zoom in,” and “Zoom Out” (NAEP and SBAC). Such signifiers are
similar in appearance but not the same.

Item-Specific Functions and Actions. Table 4 shows the frequencies and the percentages of the
item-specific functions and actions involved in the three testing platforms. The functions at the
item level fall into three categories: Selection, Typing, and Repositioning/ Plotting, which, on
average across the three testing platforms account for 64%, 29%, and 7% of all the items.
Within the Selection category, “Click on a bubble” is the most frequent action in the three
programs (35%-46%). “Click on a box” is substantially more frequent in SBAC’s platform than
in the other platforms, which can be at least partially attributed to the high frequency of the
“Multiple Select” sub-type.

The frequency of Typing, as a category, is similar in the three testing platforms (26%-34%).
However, the most frequent actions involved in this function are not the same across testing
platforms. “Typing words” is the only type of “typing” for PISA, the most frequent for NAEP,
and the next to least frequent for SBAC. The most frequent type of typing in the SBAC testing
platform is “Type/click on a keyboard on the screen.”

Discussion
According to our conceptual framework, the number of functions (and their signifiers and
actions) at both the general user interface and item levels varies considerably across testing
programs. Compared to PISA’s and SBAC’s testing platforms (respectively with five and 11
functions), NAEP’s testing platform makes a considerably higher number of functions (28)
available for the user.

Such disproportionality may be a reflection that, to some extent, circumstances that are not
related to design (for example, the simple fact that the software used allows inclusion of a wide
range of functions and signifiers) shape how testing platforms are built. However, the
disproportionality may also reflect how different testing programs implement U.S. legislation
that mandates the provision of testing accommodations and accessibility resources for students
with disabilities and special needs. As a testing program regulated by the OECD (Organization
for Economic Cooperation and Development), PISA does not need to comply with such
legislation; NAEP and SBAC do. Clearly, NAEP makes most functions for accommodations and
accessibility resources equally available to all students, regardless of special education or special
needs status. In contrast, in SBAC’s testing platform, many accommodations and accessibility
resources appear on it only if the student has selected them in a menu, prior to taking the test
(SBAC, 2024). Table 3 shows what students see when they take tests on each platform; it does
not show the functions (and the identifiers and actions they involve) SBAC makes available for
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students with special needs. However, our argument about optimal design still holds: The fact
that NAEP’s and SBAC’s testing platforms are designed with different approaches about the
ways in which students with and without special needs are to be supported speaks to the need for
a clear set of design for computer-administered tests. Optimal design is not only about the ways
in which testing platforms are built; it is also about how effectively assessment frameworks and
item specification documents address design issues.

Our study also revealed that, in some cases, within the same testing program, a function does not
consistently involve the same set of signifiers across items of the same type. For example, in
PISA’s testing platform, the Back icon is sometimes displayed in gray, indicating that it is
inactive-immutable and becomes clickable only after the Next icon has been activated. However,
in other items, this icon initially is active-mutable but after clicking on it a window pops up
labeled “No Previous Item.” The identical icon involves different signifiers and actions.
Similarly, on SBAC’s platform, the Back icon appears blurred, indicating that the icon is
inactive-immutable and becomes clickable only after activating the Next icon. This logic is not
observed with the Zoom out icon—which is not initially shown in a blurred or inactive state.
Another example of this inconsistency is the display of the Fraction icon in NAEP’s testing
platform. This icon appears inactive for some items, whereas in other items it is shown as active
for other items. Not displaying icons that are permanently inactive would increase design
optimality.

Final Remarks

Despite the wide variety of functions that, in principle, it is possible to execute, given the
possibilities offered by current digital technology, the platforms of the three testing programs
depend almost exclusively on clicking and typing. This limited variety of item formats restricts
the ability of testing programs to capture performance on different kinds of tasks and, therefore,
the ability to tap into a wide range of skills in large-scale testing.

While the three testing platforms rely heavily on multiple-choice items, the format used to
deliver this type of item varies considerably across items within each testing program. Such
inconsistency may unnecessarily increase cognitive load, as the examinee needs to figure out
how to execute the same function with different signifiers across items of the same type.
Unfortunately, major testing programs’ assessment frameworks and item specification
documents lack detailed information on the characteristics of different item types and the ways in
which they are to be delivered when tests are administered digitally. Without more specific
design criteria, item development and design may be shaped by various idiosyncratic factors or
by the set of technical limitations and possibilities of the software used to build each testing
platform.

Our findings indicate that the design of testing platforms in the three major large-scale testing
programs examined is not optimal. Given their prominence as well-established testing programs,
it is reasonable to assume that these findings can be generalized to other testing programs; they
speak to the need for a principled methodology for systematic test design. Knowledge gained
from this investigation contributes to enhancing the design of testing platforms, ultimately
minimizing measurement error due to unnecessary complexity. For now, we conclude that next
steps in improving the design of testing platforms need to include: (1) careful analysis of how
critical different functions, signifiers, and actions are to responding to different computer-
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administered items, (2) selection of the best signifiers to use for each function, and (3) consistent
use of signifiers and actions across items of the same type.

Notes
Note 1. While SBAC offers released items on its webpage (Smarter Balanced Assessment
Consortium., n.d.) the testing interface varies across states. The sample of SBAC items
used in this investigation was drawn from the California State’s version of SBAC, the
California Assessment of Student Performance and Progress (CAASPP).

Note 2. We acknowledge that using multiple-choice items with one correct option and multiple-
choice items with more than one correct option may be primarily a matter of the kind of
knowledge or skill being assessed, rather than a matter of design. However, the use of
the two item sub-types in the same test has implications for test taking, as it may
impose an extra cognitive load—an issue that is relevant to test design.
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Table 4.1
Sample of Items by Assessment Program, Year, and Content Area
Assessment Program and Year Total
NAEP PISA seac [n=660]
Content Area 2018 2019 2022 2015 2018 2022 2024

Mathematics 74 13 230 317
Reading 10 31 41
Science 23 27 24 74

English Language Arts 228 228
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Table 4.2
Types and Sub-Types of Items by Testing Program: Frequencies and Percentages
NAEP PISA SBAC
Grades 4 & 8 Age 15 Grade 8
(n=134) (n=68) (n = 458)

Item Types and Sub-types n % n % n %
Multiple Choice 87 65 46 68 317 69
Select an Option from Multiple Options 59 44 31 47 161 35
Select an Image 8 6 0 0 6 1
Select Sentence(s) 0 0 0 0 32 7
Multiple Select 4 3 1 1 67 15
Dropdown Choice 0 0 4 6 0 0
Matrix Table Choice 3 2 5 7 36 8
Change the Location 13 10 4 6 15 3

Binary Choice 0 0 1 1 0
Open Response 45 34 22 32 123 27
Short Answer 17 13 0 0 105 23
Essay 28 21 18 26 18 4
Create a Row and Select 0 0 4 6 0 0
Plotting / Adding 2 1 0 0 18 4
Plotting a Line 1 1 0 0 10 2
Adding a Point 1 1 0 0 3 1
Adding a Shade 0 0 0 0 5 1

Note. The bold indicates the subtotal frequency and percentage of each type.



Table 4.3
General User Interface Functions and Their Signifiers in The Testing Platforms

Signifiers

Function Testing Program

NAEP PISA SBAC

Back @ E]

Calculator
Change Theme
Context Menu (=)
Delete Page

Delete Page Cursor
Erase

Erase Cursor
Fraction

Hand Cursor

Help Button
Highlight
Highlight Cursor

8 B

e o@ @mRED

 s—

Line Reader

Line Reader

Next E >

Hext

Pause

Pause

Pencil &

Progress Bar T T T I ]3%
Questions Drop-Down Questions 3

Read Aloud *
Reading Section Sy o

Save -

Scratch Book
Scroll Down
Scroll Up

Timer D

Zoom In Q &,

o0E

Zoom Out Q a

Zoom Out
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Table 4.4
Actions by Item-Specific Function in the Testing Programs: Frequencies and Percentages
NAEP PISA SBAC

Grades 4 & 8 Age 15 Grade 8
(n=134) (n=68) (n = 458)
Item-Specific Function and Actions Involved n % n % n %
Selection (Clicking on a...) 75 56 46 67 310 68
bubble 62 46 36 53 161 35
number/image 9 7 1 1 6 1
box 4 3 1 1 103 22
sentence 0 0 0 0 32 7
Line in a drop-down menu 0 0 4 6 0 0
row 0 0 4 6 0 0
an area to shade/ mark 0 0 0 0 8 2
Typing 45 34 18 26 123 27
numbers 17 13 0 0 5 1
words 28 21 18 26 18 4
[Clicking on a keypad on the screen 0 0 0 0 100 22
Repositioning / Plotting 14 10 4 6 25 5

Dragging and dropping
(click on object, push, release) 14 10 4 6 25 5

Note. The bold indicates the subtotal frequency and percentage of each type.
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Taxonomy of Signifiers. Each Taxon’s Code is Shown in Parentheses

Signifiers <

Not

e
displayed (

\_. Present <
(1)

0)

f
(1.1)

\~ Active
(1.2)

Inactive <

<

Immutable. Displayed but

cannot be activated (non-

clickable) (1.1.1)

Mutable. Displayed only while
clicking the mouse or dragging an
object (1.1.2)

Independent. Visible;

activation not

conditioned to another

Dependent
(1.2.2)

<

/

Initially invisible-initially
inactive. Becomes visible and
active when another function is

Initially visible-initially inactive.
Always visible; active when
another function is activated



Figure 4.2
Example of a Computer-Based Item in NAEP
Initially visible - Initially invisible-

Independent initially inactive initially inactive Immutable
(1.2.1) (1.2.2.2) (1.2.2.1) (LL1)
@ ‘E'O Q BEs ¢ f'?\@

Subtract.

3.48
—1.46 Mutable
(1.1.2)

‘ - 1.02 =
BO 2.02 =
cO 494 =
DO 5.94 -

Clear Answer

Note. The link for this item:

https://cotw.naep.ed.qgov/student/grade4/MAT/VVH098638/toolbarOn
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An Example of Item in Each Testing Program Based on Item Sub-types Note. Cases in which item sub-types were not observed in the
corresponding testing program are indicated with “~” and their frequencies and percentages are reported as “0” in Table 2.

Clear Answer

Subtract.
3.48 This guestion has two parts, First answer part A. Then, answer part B,
PartA
—1.46 L - .
What inference can be made about the travelers’ feelings woward their stay at
Fort Laramic?
On average, approximately how many million kilometres from
Select an AQO 1.02 the Sun is the planet Neptune? @& They were glad for their time at Fort Laramie.
Option from © 5 million km
M u Itl ple B O 2.02 ©) 30 million km They felt overwhelmed by the size of Fort Laramie,
Options 180 million km
- © They felt humbled by the condition of Fort Laramie.
cO 494 4500 million km Y ¥
@ They were cautions about staying in Fort Laramie,
DO 594

(continues)
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NAEP

PISA

SBAC

Select an
Image

Which of the following numbers are factors of 105 7

CEMEIE G A A G G

Clear Answer

Parallel fines A and & are cut by a
transversal line M, as shown in
the disgram. e ‘

me3 4 mes E| me7 & maB

First Quantity Comparison Second Quantity

The measure of £2 is less than
the measure of <4,

For each comparison, select the
symbod that makes the
relationship between the first
quantity and the second quantity
true.

Select
Sentence(s)

This question has two parts. First, answer part A. Then, answer part B,

Part A

Click on the that best provides an i that can be made about
the author’s opinion of the Perlman Music Program.

A. The Perlman Music Program is limited in its value because of how few
students it accepts.

lents who would not do
C. The Perlman Music Program offers students a unique opportunity to leam
from accomplished musicians in a nurturing setting,

D. The Perlman Music Program offers students a unique opportunity to learn
new instruments from experienced orchestral musicians,

(continues)



40

(continuation)
Which of the following directions could Paula take to get X . X
from her house to school? Which statements about the golden plover's migration do
the maps support?
Select all the corect answers. Select all possible values for x in the equation x* =375,
v Remember fo select one or more boxes.
‘ A 7 blocks south, 3 blocks west
[_] The maps show a decrease in the number of golden 593
B(J 7 blocks south, 3 blocks east plovers migrating southward in the past ten years.
Multiple [_] The maps show that northward migratory routes of N
S | t ‘ c 7 blocks north, 3 blocks east some golden plovers are different from southward V3rs
elec migratory routes.
p() 2Dblockswest, 7 blocks south, 1 block [] The maps show that migratory golden plovers spend 7575
west their winter in areas that are south and southwest of
their breeding or nesting grounds. 3
0 2 blocks east, 7 blocks south, 1 block 9 g g. 12573
E east (] The maps show that the migratory routes of the
golden plover have shifted away from coastal areas
—_— in the past ten years.
‘ Clear Answer |
In the table below, answer each question by selecting a
country from the corresponding drop-down menu.
In terms of percentage points, which
Dropdown country had the greatest gain between Select -
Choice - 2005 and 20157 -

Which country had no overall

= Select -
between 2005 and 20157 [select -]

In terms of percentage paints, which
country had the greatest loss between | | Select ~|
2005 and 20157

(continues)
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NAEP

PISA

SBAC

Three statements about comparing fractions are shown
in the table.

Some posts on a forum can be relevant to the topic while
some posts are not. Click on either Yes or No to indicate
whether the posts in the table below are relevant to
Ivana_88's problem.

Select True or False to indicate whether each comparison is true,

True False

— 1
For each statement, determine whether it is True or JIT < 5: [ [
False.
Is the post relevant to lvana_88's problem? | Yes = No in > 33 r [
Make one selection for each statement to show your 5
answer. NellieB79's post O | O 5> 9 [ [
15
Statements True False Monie's post O O T > 838 [
1 3 5 7
. sei<i<i O O g
Matrix Table 725155 %% Avian_Deals' post O | O
H In two fractions with the same )
Ch0|ce denominator, the fraction with the o) o) Bob's pOSt O O
greater numerator always has a 3
greater value. Frank’s post O O
In two fractions with the same
numerator, the fraction with the o o)
greater denominator always has a
greater value.
4 Clear Answer ‘
Talot has @ jor.
mEl— )
She has thise questions sho noeds to answer aboul th jar The following model shows the average distances between m ) 3
What measurement could b used 1o answer each of Talal's questians? three planets. (Planets and moded not drawn to scale.) Ci— -
Drag a measuremant nto sach bax 10 SRaw your answer. 2 Steven claims that when you ;
multiply two powers with the H
same base, the new exponent is. 7
Bl EIEa peposioveciges - | 1
exponents. He uses the examgle 30, 3030

Change the
Location

How much Biquid can

How haavy is the jar? the Jar hold?

How tall is the jar?

Clear Angwer

Based on the distances g]vm. which planets belong In the
model? Drag the correct three planats in the correct order. To
change an answer, first drag the previous planet out.

Below to suppart his claim.
F.paylay
Drag a numbser into each box to

create an equation that shows
Steven's claim is incorrect.

(continues)
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(continuation)
Please read the examples. The correct answers are highlighted.
Then click on the NEXT arrow to try some practice sentences.
Blnary A. The red car had a flat tire. YES NO
Ch0|ce B. Airplanes are made of dogs. YES NO
C. The student read the book last night. YES NO
Enter the value of n for the equation 57=5" .53,
} | } | | 4 } } |
T T 1 T T T T T 1
70 X 80
- - - - L
What number is represented by point X on the number line?
Short Answer - 1 2 3
4 5 6
7 8 9
0

(continues)
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(continuation)

Many cooking pans are made of metal with a plastic handle.

Why is metal a good material for a cooking pan?
Identify a factor that might make the volunteers' counts of H
migrating birds inaccurate, and explain how that factor will GUEST
affect the count. ‘What is the author's message about the Oregon Trail? Use details from the text

10 SUPPOrt YOUr answer.
Essay

Why is plastic a good material for the handle of a pan?

Create a Row
and Select

Marrre i bt Wt
Cosmusan 31§
+ Wow is Rim e Bemtason
Pl o et 11 e e s

B Dk 00 4 chosce dof Ban soltd Suth
i atir b e £ e

B s o e et e Py

T T 8 0 T R 4]
B Tomemeion ()

.

W e b oo o e wate g (1 O L]
e Rcars o empevsen gt oo ks
fmyivanine, ooty [ | e
5 b e e P
Skt s
i ey
i 3 panpnen

T B s B Bt o M ) BT
-

(continues)
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NAEP

PISA

SBAC

Plotting the
Line

Aline segment is shown on the grid.
Create a line segment that is parallel to the given line segment.

To show your answer, select bwo points on the grid.

e | | rzosat

Use the Add Point tool to plot
each paint on the coordinate
Hane.

Part A: Plat the peint (3, 2).
Part B: Plot the peint (6, 4).

Part C: Plot the point (8, 1).

o

123456780910

Adding a
Point

Plot a point on the number line that is 0.15 away from 0.75.

To show your answer:

+ Use @ or € to change the number of intarvals of equal size.
» Then, select a localion an e number line bo plol the poin

Number of Intervals

e : @

Students pulled chassroom
olipects from a bag and meassred
them in inches. They used this
data o make & line plos

Objects | Length (in}
| pen | [ |

Scissors 7

| Stapler 5
Calculator .
Notepad |
Click abave the tick marks to

compiete tha line plot that
dsplays the data.

Length of Objects (in)

(continues)
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PISA

SBAC

Adding a
Shade

e
This rectangie can be divided into | BN
equal parts. Click to shade | of E:
the rectangla.

- E
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V.

IDEAS FOR THE DEVELOPMENT OF A GOODNOTES PLATFORM FOR ITEM
CREATION

Introduction

During our discussions with Goodnotes staff, we identified an important problem not sufficiently
addressed by major players in the testing industry—the lack of a robust principled practice for
systematic development of items according to pre-established design criteria. We recommended
Goodnotes to consider the possibility of developing a platform for item creation as a promising
way to participate in the testing industry. This section elaborates and illustrates the ideas
proposed.

As explained in Section IV, our analysis of items from large-scale testing programs revealed
serious inconsistencies in the features of items—a serious potential source of measurement error.
For example, two multiple-choice items from the same testing program, grade, and content may
have different layouts, involve different sets of signifiers and actions, and have different levels of
visual complexity. This variation suggests that the software and procedures used by contractors
for large-scale testing programs to develop items do not allow detailed control of format and
design features. It is important to mention that large-scale testing programs provide contractors
with item specifications documents that prescribe and illustrate the characteristics of the different
types of items to be developed. Clearly, such specifications are not sufficiently detailed and leave
too much room for interpretation.

Text length is an example of how important format and design features are not sufficiently
considered in current item development practice. An investigation on the textual and visual
features of a sample of SBAC mathematics items revealed similar textual complexity (as
measured by text length) across items of different school grades (Solano-Flores et al., 2023).
Since the reading demands of textual material are typically lower for lower grades, this finding
indicates that text complexity is not sufficiently addressed by item specifications documents as a
source of measurement error that needs to be minimized.

Flowchart Comparative Analysis

The ideas proposed here for the development of a Goodnotes platform for item creation
originated from our efforts to identify the design limitations of testing interfaces used by major
large-scale testing programs. First, we selected two computer-administered SBAC items—an
English Language Arts multiple-choice item and a mathematics plotting item. The items are
shown in Figures 5.1(a) and 5.1(b).

Second, we created Goodnotes mockup versions of Items 1 and 2, as shown in Figures 5.2(a) and
5.2(b).

Third, we constructed general and item-specific user-interface interaction flowcharts for the
selected SBAC items and their Goodnotes mockup versions. These flowcharts, shown in Figures
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5.3 and 5.4, map all possible functions, signifiers, and actions involved in responding to Items 1
and 2 and navigating the interface.

Fourth, we conducted a flowchart comparative analysis (see Solano-Flores & Martinez, 2023) to
identify how different were the sets of functions, signifiers, and actions involved in responding to
the items administered in the SBAC interface and in the Goodnotes interface. As shown in
Figures 5.3 and 5.4, the user-interface interaction is more complex both horizontally and
vertically in SBAC than in Goodnotes.

As shown in Figure 5.5, for Item 1, the Goodnotes version has the following improvements:

Elimination of redundant signifiers. In the SBAC interface, two different signifiers
(letters in circles and hollow boxes) are available for the same function—select. In
contrast, Goodnotes uses a single, unified system of signifiers (letters with gray
circles) that ensures functional clarity and reduces visual noise.

Touch-native optimization. The Goodnotes versions of the items eliminate
unnecessary mouse-specific affordances, such as hover states (cursor changes), which
do not exist in tablet devices. By removing these redundant signifiers, the interface
becomes more intuitive and easier to interpret.

Reversible decision-making. Unlike the SBAC interface, which allows users to switch
options without deselecting, the Goodnotes version introduces direct deselection.
Users can click a selected option again to deselect it (represented by a new green
*action” box). This provides students with greater flexibility and a more natural
decision-making process.

As shown in Figure 5.6, for Item 2, the Goodnotes version has the following improvements:

Integrated tool activation. In SBAC, students must click an “Add Arrow” icon to
activate the drawing function. Goodnotes eliminates this step. The default pencil tool
is always ready for interaction, thus eliminating unnecessary actions from the
workflow.

One gesture. SBAC’s interface requires a discrete three-step sequence for plotting:
Click (point 1) — Drag — Click (point 2). By leveraging Goodnotes’ built-in
“Pencil-to-Shape” technology, the same function is completed with a single
continuous gesture. Students click and drag, and the platform automatically ensures
geometric accuracy. This shift from vertical (discrete) to horizontal (continuous)
actions on the flowchart minimizes unnecessary cognitive load.

Unified deletion workflow. SBAC separates the deletion of lines and dots into two
different functions. Goodnotes simplifies this through a unified “Eraser” tool.
Students can erase any part of a line to remove the entire element, mimicking the
familiar action with a real eraser consistently across all item types.



48

Basic Elements for Item Creation

Based on the results of our comparative flowchart analysis, we provide here ideas that the ESD-
Lab Goodnotes may be interested in considering to develop a platform for item creation:
interface design specifications, item design parameters, and shells.

Interface Design Specifications. Table 5.1 shows the functions, signifiers and actions needed to
create any type of test item using a Goodnotes platform. These are the only nine functions that
the ESD-Lab thinks are needed for examinees to effectively interact with the iPad Goodnotes
testing platform and successfully access test items.

Item Design Parameters. Table 5.2 provides a list of textual and visual characteristics of items
administered with the iPad Goodnotes testing platform. This list is far from being complete; it is
intended to show how important textual and visual features of test items and the testing interface
can be systematically pre-determined.

Templates. The Goodnotes platform for test creation can be supported by templates (shells).
Templates or shells can function as “programming environments for developers” and
“conceptual tools that help assessment developers communicate effectively (Solano-Flores et al.,
2001, p. 48). For the purposes of item design, a template can be formally defined as the hollow
structure of an item of a given type that is filled out by the developer with the textual and visual
content of an item. A template ensures that the layout of the item and its format have the values
previously selected for a series of design parameters such as text length, font size, font style,
location of illustration, illustration size, color, gray tone range, text box location, table location,
and color, among many other features. Specifically, a template provides: (1) formal
specifications of structural properties for tablet-administered tests, (2) authoring environments
that standardize user interfaces across different item formats, and (3) regulatory frameworks that
guide the systematic development of tablet-based platforms.

Templates can be created to process some design features automatically. For example, any text in
the stem of a multiple-choice item entered by the test developer will be automatically displayed
in Times New Roman font style and font size 12, if those are the values selected for the font style
and font size design parameters. Other design features require direct interaction with the
developer according to certain design constraints. For example, the text entered by the developer
to fill out the box for a multiple-choice item’s stem is rejected if it has more than three sentence
or more than 30 words, or if it uses passive voice, if those are the values selected for text length
and grammar design parameters.

Figures 5.7(a), 5.8(a), and 5.9(a) show respectively examples of three types of items and their
corresponding templates: multiple-choice with text stem and four text options; multiple-choice
with text stem and four illustration options; and open-ended with text and illustration stem and
four text options. Figures 5.7(b), 5.8(b), and 5.9(b) show templates for the corresponding types
of items, as they would appear in the Goodnotes item creation platform. These templates are only
three of the many possible templates that the platform could contain. They are intended to show
how all items belonging to the same type can be created with the same format and design
features.

The templates proposed for Goodnotes to use have a rectangular layout consistent with the shape
of an iPad screen and are organized according to a grid of 30 rows and 22 columns. While large-
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scale testing programs such as SBAC, NAEP, and PISA rely on a landscape orientation designed
for mouse-based navigation, the Goodnotes portrait-oriented, stacked layout platform has the
advantage of mirroring the standard paper-and-pencil format, which produces a more intuitive
user experience. For each type of item, the orange lines demarcate the zones in the grid that
should contain different components such as item stem, options, illustrations, open-ended
response box, etc. The templates already include three operation/navigation buttons: Push to
respond/Push to undo (toggle), Zoom in/ Zoom out (switch), and Back/Next (switch).



Table 5.1

Functions of Items Administered with Goodnotes
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Type of Function Instrumental actions and Formats
function signifier / operandum
Operation 1. Enable /undo  Touch toggle button 1 “Push to Respond” label on white.
response “Push to Respond” / Response is enabled when touched.
“Undo” Turns to “Push to Undo” on pink.

2. “Undo” label on pink. Response is
erased when touched. Turns to “Push
to Respond on white.

2. Increase / Touch on Zoom in (left  Size of item is reduced, increased, or put
decrease font  side) / normal (center)/  back to original form respectively by
size or zoom out button touching the left side, the center, or the

right side of the button.

Navigation 3. Move back or  Touch “Previous” end of  Previous item or the next item displayed.
forth button or “Next” end of
button
Responding 4. Selection Touch one of several Enabled when “Push to Respond” button
radio buttons is touched. Response is provided by
touching one radio button.
5. Drawing Touch and slide Enabled when “Push to Respond” button
fingertip / move stylus is touched. Response is provided by
on screen drawing a line.

6. Typing Type on screen Enabled when “Push to Respond” button

keyboard is touched. Screen keyboard is displayed.

Response is provided by typing. Screen

keyboard disappears when student

touches screen outside.

7. Writing letters  Touch and slide Enabled when “Push to Respond” button
or symbols fingertip / move stylus is touched. Response is provided by

on screen writing on screen with finger or stylus.

8. Repositioning  Touch and slide Enabled when “Push to Respond” button
/ rotating fingertip on screen is touched. Response is provided by

sliding the fingertip on the screen.

9. Plotting Touch and slide Enabled when “Push to Respond” button

fingertip / move stylus
on screen

is touched. A dot is created at the point
of touch; continued dragging draws a
continuous line until release.
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Table 5.2
Textual and Visual Characteristics of Multiple-Choice Items Administered with Goodnotes:
Examples
Feature Variable Value
Stem Framing No
Text font Times New Roman, plain
Text size 12 pt
Text color Black
[llustrations Framing Yes
Background No
Colors Black and white
Response box Framing Yes
Font Calibri
Size 11 pt, plain
Color Black
Weight 1pt
Box line: Color Black
Working space Framing Yes
Multiple choice Colors Non-selected in white; Selected in black
buttons
Options Framing Style
Style A), B), C), D)
Font Aptos 11 pt, bold
Selection modality ~ Radio button, left to option letter
Exclusivity Mutually exclusive; clicking on one option erases

previous option




Figure 5.1

Screenshots of Two SBAC Items

(a) Item 1 (b) Item 2

Grade 8, English Language Arts, Multiple
Choice: Select one option from four items

batioms, stapping eow and thes to pather 2 store of wild cumants
e gooseberries which grew in abuadesce,

Near the mouth of the ravine we came upos a small Jog cabin,

bich b evidently been bl by rappers. bt the vy

theie way imto the Oregea country hed converied it imto 2 pest
office, by sticking here and there, in the crevices of the Jogs, leters
o be forwarded 1o thei friends in e States, Hung on the wall
whene all might see it, was a peneral motics reqeesting any who
passed on their way o the Missouri River to take these missives,
i deposit them in the nesrest regular post office.

ehat time: | B twor companioes i | rode in advance of the train.

& 1 could have found so Frub with these new mensbers of our company, foe they cbeyed my
onders without question from the aldest man to the yeungest child.

& 1t was such 2 sight as T had seen more than cace, beat to my companioes it was tlemifying at the
same time that it commanded their closést aention.

Grade 3, Mathematics, Plotting/ Adding: Plotting a

Line

Use the Add Arrow tool to graph
the propartional relationship
between the distance

(d) traveled by a car and the
time (£).

e 0 Gt | LA Pasen Tot LT S £} L0 e— T TN MY k3]
+ « ) W CYRCY
RSN & " e ” ST —— S . - o
B: ¢« 567 80
Anteise of Oregon n = O D C=D
- s Distance vs. Time
A Sueey ofthe Oregan Tral e d
by James s The distance (d) in meters a 80
The reader can infier that the BE ofthe Which from the text best §
R A g “:;mf saralo i ncharg of e govp. Which sencoce rom e i car travels in t seconds is shown 10
. ¥ || Fppns i in the table. e
Naghang of note happened to us, unless | should set down that this -
; 1
day was stormy, isd on Gl day the 512 shove, woldl we came inlo & There we drove down a dry raving on our winding way o the river bottoms, stoppieg now and H 0
the valley of the Noeth Fork of the Platte, throagh his e gather s soce ol wild  govseberries which grew 2 abundince g0
knm as Ash Hollow, g}ﬂ
20
There we deove dovna dry Tavine on our winding way b e river 8 Theee was in the company a girl of sbout Susan's age, whose name was Mary Parker, and froa 10

S S —
012345678
Time (sec)




Figure 5.2

Screenshots of Two Goodnotes Items: Mockups. Hyperlinks to the Interactive Versions Shown in Blue.

(a) Item 1 (b) Item 2
Grade 8, English Language Arts, Multiple-Choice Grade 8, Mathematics, Plotting/Adding: Plotting a
(Select one Option from Four Options) Line

41 Mon Jun 3

o

Question 2
Antoine of Oregon

The distance (ef) in meters a car travels in § seconds is shown in the table.
A Story of the Oregon Trail by James (s

Susan rode with me, as she had from the beginning of the joumey, Nothing of note happened 1o us, unless |

should set down that this day was stormy. and on that day the sun shone, until we came into the valley of

the North Fork of the Platte, through a pass which is known as Ash Hollow,
Graph the proportional relationship between the distance (o) traveled by a car and the time (1)

There we drove down o dry mvine on our winding way 1o the river bottoms, stopping now and then 1o

gather a store of wild currants and gooseberries which grew in abundance.

Near the mouth of the ravine we came upon a small log cabin, which had evidently been built by trappers,
but the emigrants on their way into the Chregon country had converted it into a post office, by sticking here
and there, in the crevices of the logs, letters to be forwarded to their friends in the States. Hung on the wall Distance vs, Time
where all might see it, was a general notice requesting any who passed on their way 1o the Missouri River

to take these missives, and deposit them in the nearest regular post office.

or cromssing the stream we ame upon o party of emigrants from Ohio, having enly faur wagons drwn

by ten yoke of oxen, and driving six cows,

Question 1

There we drove down a dry ravine on our winding way to the river bottoms, stopping now and
then to gather a store of wild currants and gooseberries which grew in abundance,

There was in the company l of about Susan’s -, whose name was Mary Parker, and from
that time | had two companions as 1 rode in advance of the train.

I could have found no fault with these new members of our company, for they obeyed my orders
without question from the oldest man 1o the youngest child e (see)

It was sueh 2 sight s 1 had seen more than onee, but o my companions it was termifying at the
same time that it cor neledd their closest attention,



https://www.figma.com/proto/jPdixfldEsW4AmOhn9PS3I/Goodnotes-x-Stanford-Research?page-id=369:24657&node-id=369-25759&p=f&viewport=93,469,0.39&t=ZDnrEqD6ilVrd96l-1&scaling=scale-down&content-scaling=fixed&starting-point-node-id=369:25759&show-proto-sidebar=1
https://www.figma.com/proto/jPdixfldEsW4AmOhn9PS3I/Goodnotes-x-Stanford-Research?page-id=369%3A24657&node-id=445-39768&p=f&viewport=93%2C469%2C0.39&t=rkK9HM1uZdf1m53C-1&scaling=scale-down&content-scaling=fixed&starting-point-node-id=445%3A39768&show-proto-sidebar=1

Figure 5.3

User-Interface Interaction Flowchart: Item 1 (Grade 8 - ELA - Multiple Choice). Functions, Signifiers, and Actions Shown
Respectively in Pink, Orange, and Green. General and Item-Specific User Interfaces Shown in the Upper and Lower Parts,
Respectively.
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Figure 5.4

Student-Interface Interaction Flowchart: Item 2 (Grade 8 - Math - Plotting/ Adding: Plotting a Line). Functions, Signifiers, and
Actions Shown Respectively in Pink, Orange, and Green. General and Item-Specific User Interfaces Shown in the Upper and Lower

Parts, Respectively.
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Figure 5.5
SBAC and Goodnotes User-Interface Interaction Flowcharts for the Same Multiple-Choice Item: Item-Specific Interface for Grade 8,

ELA, Select One Option From a Set of Four Options. Functions, Signifiers, and Actions, Shown Respectively in Pink, Orange, and
Green.

(a) SBAC (b) Goodnotes
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Figure 5.6
SBAC and Goodnotes User-Interface Interaction Flowcharts for the Same Constructed-Response Item: Item-Specific Interface for
Grade 8, Math, Adding/Plotting: Plotting a Line. Functions, Signifiers, and Actions, Shown Respectively in Pink, Orange, and Green.

(a) SBAC (b) Goodnotes

ii]




Figure 5.7

Multiple Choice with Text Stem and Four Text Options: Item and Template
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(a) Item

Subtract:

3.48 - 1.46

A) 1.02
B) 2.02
C) 4.94
D) 5.94

(b) Template

B =) O\ L B L R =

[

3 4 5

—

Push to respond

[< Zoom in | Zoom out > ]

[Stem]

[Option A]

[Option B]

[Option C

[Option D)




Figure 5.8

Multiple-choice with Text Stem and Four Illustration Options: Item and Template

(a) Item (b) Template
1 4 5 6 w 112 13 14 15 16 17 18 19 20 21 2
. . . o 2
‘Which of the following methods shows that 5 is a factor of 207 Select all the correct answers. s Pushtorespond [<Zonmin | Zanmouw] [ <Back | Nun:—]
4
5
6 [Text stem]
@& & W Y W 7
& Yr ¥r ¥r ) &
9
@ v Yr vr vy 0
& Yr Yr ¥r W) 1
12
13
14
15 [Option A] [Option B]
16
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 7
18
I R I I i 19
s S S o S . 0
21
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 »
n
24 [Option C) [Option D]
23
26
k1l
3
%
30




Figure 5.9

Open-Ended Item with Text-and-Illustration Stem and Four Text Options: Item and Template
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(a) Item

Alex drew a pattern of red and blue triangles. The first rows of the pattern are
shown below”

TRIANGULAR PATTERN

2™ row
3 row

Alex is going to add more rows to his pattern.

He claims that the percentage of blue triangles in the pattern will always be less
than 50%.

Say if' Alex is correct and explain your answer in the box below.

(b) Template

-l R I Y A N

[N}

3 4 5

6

Push to respond

8

9 10 11 12 13 14 15

[< Zoomin | Zournou!>]

[Text stem]

[Mlustration stem]

[Response box]
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