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ABSTRACT
This paper illustrates the use of simulation-based performance
assessment (PA) methodology in a recent study of eighth-grade
students’ understanding of physical science concepts. A set of
four simulation-based PA tasks were iteratively developed to
assess student understanding of an array of physical science
concepts, including net force, acceleration, velocity, and inertia.
Illustrative examples drawn from the administration of these
simulation-based PA tasks to a sample of eighth-grade students
(n = 74) highlight the potential of simulation-based tasks for
revealing conceptual understanding of science concepts and for
informing curriculum development within the context of design-
based implementation research. The paper also describes a variety
of challenges encountered over the course of the development,
administration, and analysis of the PA data that may be
informative for researchers and educators as they consider
implementing simulation-based PAs.
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Introduction

The Standards for Educational and Psychological Testing (AERA, APA, & NCME, 2014)
define performance assessments (PAs) as ‘assessments for which the test taker actually
demonstrates the skills the test is intended to measure by doing tasks that require those
skills’ (p. 221). The use of PA is primarily motivated by the belief that it provides a more
authentic indicator of student achievement than selected-response formats, such as mul-
tiple-choice assessments (Lane& Stone, 2006) and has the potential to enhance pedagogical
practice (Messick, 1996). Within science education, PAs have been highlighted as essential
indicators of knowledge and skills that can serve both formative and summative roles
(Hickey&Zuiker, 2012; Lane& Stone, 2006). This perspective was emphasised by theCom-
mittee on Developing Assessments of Science Proficiency in K-12 for the next generation
science standards, which recommended that assessment tasks ‘should include – as a signifi-
cant and visible aspect of the assessment – multiple, performance-based questions’
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(National Research Council [NRC], 2014, p. 7). Despite growing support for PA, the use of
PA in science education assessment is often limited by reforms that require innovations to
use externally developed achievement tests and by practical constraints related to student
and teacher time, equipment, and scoring (Hickey & Zuiker, 2012).

Notwithstanding these limitations, the use of PA tasks is increasingly apparent within
the science education literature. PAs have been described as a useful method for gathering
evidence of conceptual development. For example, one method aimed at identifying
alternative conceptions is the ‘interview about an instance’ or ‘concept cartoon’ technique
(e.g. Atasoy, Kucuk, & Akdeniz, 2011; Osborne & Gilbert, 1980) in which students are
given a series of drawings that depict situations containing an instance of a concept and
situations that do not contain an instance of the concept. For each drawing, students
are asked whether or not the concept is illustrated, and asked to explain their answer.
Other studies have asked students to use physical stimuli to complete a task designed to
elicit known alternative conceptions and explain the phenomena of interest in a written
constructed-response format or interview session (e.g. McCloskey, 1983). Students have
also been asked to answer questions and draw pictures to describe their understanding
of an experience or situation aimed at a particular concept (e.g. Venville, Gribble, &
Donovan, 2005; Vosniadou & Brewer, 1994).

Researchers engaged indesign-based implementation research (DBIR)have argued that, in
addition to revealing students’ conceptual understanding, PAs can inform the development
and refinement of innovations. For example, in a series of studies on computer-based
science curricula, Hickey and colleagues utilise PAs consisting of open-ended problem-
solving exercises as a proximal measure of student understanding (Hickey & Zuiker, 2012;
Hickey, Ingram-Goble, & Jameson, 2009). These assessments are conceptualised as serving
the dual function of summatively assessing student understanding of conceptswithin the cur-
riculum and providing formative assessment for the purpose of refining curriculum.

Technology-enhanced assessment formats, such as simulation-based PAs, offer a
potential compromise to mediate the resource-intensive nature of PA and still maintain
the benefits of this assessment format. Anticipating advances in the use of innovative tech-
nology in assessment, the NRC report Knowing what students know asserts ‘technology is
making it possible to assess a much wider range of important cognitive competencies than
was previously possible. Computer-enhanced assessments can aid in the assessment of
problem-solving skills by presenting complex, realistic, open-ended problems… ’ (Pelle-
grino, Chudowsky, & Glaser, 2001, p. 266). More recently, the Standards note the use of
simulation-based assessment formats as advantageous in contexts where ‘actual task per-
formance might be costly or dangerous’ (AERA, APA, & NCME, 2014, p. 78). As science
education projects incorporate innovative computer-based activities and simulations,
researchers have begun to explore creative approaches to assessment within these contexts
(Thompson Tutwiler, Metcalf, Kamarainen, Grotzer, & Dede, 2016; White & Frederiksen,
2000). For instance, the EcoXPT project (Thompson Tutwiler et al., 2016) has developed a
blended assessment strategy that complements traditional assessments with analyses of log
file data generated from student engagement within the programme’s multi-user virtual
environment. Similarly, a number of projects have experimented with assessment tasks
designed to observe learners’ developing understanding and knowledge representations,
such as through the creation of concept maps (O’Neil & Klein, 1997) or development
of persuasive arguments (Mislevy, Steinberg, Almond, Haertel, & Penuel, 2001).
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Regardless of the format of an assessment, whether the results can be interpreted
depends on the degree to which evidence is available to support the interpretation and
use of scores as indices of student learning. As pointed out in the Standards, ‘when
tasks are designed to elicit complex cognitive processes, detailed analyses of the tasks
and scoring criteria and both theoretical and empirical analyses of the test takers’ perform-
ances on the tasks provide necessary validity evidence’ (AERA, APA, & NCME, 2014,
p. 78). This paper illustrates an innovative approach to gathering such evidence of
student understanding utilising simulation-based PA tasks.

Purpose

The purpose of this paper is to illustrate simulation-based PA within the context of a DBIR
project. To this end, the paper addresses the following guiding question: What are the
advantages and disadvantages of using simulation-based PAs to explore students’ concep-
tual understanding of science concepts? Following a detailed description of the PA tasks
and their development, illustrative results are discussed as they apply to PA within the
context of curricular intervention projects. We consider both the ‘promises’ of this assess-
ment technique for revealing student understanding and informing curriculum develop-
ment and the ‘perils’ in terms of the practical implications related to task administration,
coding, and data interpretation.

Methods

Curricular context: the SLIDER project

The SLIDERproject was funded in 2010 by theNational Science Foundation as a design and
development project through the Discovery Research K-12 (DRK-12) program. The
SLIDER middle school physical science curriculum was designed, piloted, and iterated
upon over a three-year period within authentic contexts that ranged from affluent gifted
suburban classrooms to low-income rural schools (Usselman et al., 2013). The final curri-
culumconsists of two 4- to 5-week units inwhich eighth-grade students utilise LEGOMind-
storms™ kits to investigate energy, forces, andmotion (Usselman&Ryan, 2015). The units
challenge students to design and test solutions to traffic problems in a fictional town. In the
first unit, the Accident Challenge, students act as traffic engineers to investigate an increase
in dangerous accidents involving large trucks hitting cars in one of the town’s intersections.
Through a series of investigations grounded in energy concepts (e.g. energy transfer, poten-
tial and kinetic energy), students discover that the accidents are being caused by heavily
loaded trucks leaving a nearby factory. In the second unit, the Brake Challenge, students
further explore concepts of force and motion (e.g. acceleration, velocity, and inertia) and
act as mechanical engineers to design and test an automatic brake for the trucks.

Participants

We administered the PA to seventy-four eighth-grade students selected from the classes of
the five teachers implementing the SLIDER curriculum. Students were selected using a
mixed-methods sampling technique, based on a combination of quantitative and
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qualitative data collected to identify a sample reflecting a range of achievement levels in
physical science (Miles, Huberman, & Saldana, 2014; Teddlie & Yu, 2007). The sampling
strategy began with a quantitative analysis of multiple-choice items in the SLIDER Unit 2
post-assessment using dichotomous Rasch modelling as a method to estimate measures of
student achievement (Rasch, 1960/1980; Engelhard, 2013 for an introduction to this tech-
nique). We used the distribution of student achievement estimates (θ) to classify students
into three groups of approximately equal sample sizes based on their achievement levels
(high, medium, and low). These classifications were used to identify a stratified random
sample of students representing the range of achievement levels within each classroom.
In order to include students who had been exposed to the full curriculum, we presented
teachers with a list of student names and asked them to identify students within each
achievement level group who they had observed to be actively engaged in the SLIDER
activities. For the purpose of the assessment, engagement was operationalised as active
class participation, consistent attendance, and completion of SLIDER assignments.

PA development

The project employed a multilevel assessment approach (Hickey & Zuiker, 2012; Ruiz-
Primo, Shavelson, Hamilton, & Klein, 2002) to explore student understanding of force
and motion concepts. Accordingly, the PA tasks described below represent proximal-level
assessments intended to complement an array of other assessments of varying proximity
to the curriculum. These assessments included immediate- and close-level assessments
imbedded within the curriculum (e.g. engineering notebooks) as well as relatively distal
assessments (e.g. externally developed multiple-choice items). As proximal-level assess-
ments, the PA tasks presented students with problem-solving scenarios that, while
aligned to the same physical science concepts, differed from those they had encountered
within the SLIDER curriculum in terms of context and, to varying degrees, difficulty.
Within SLIDER, investigations ask students to reason about force and motion events invol-
ving automobile collisions (e.g. trucks hitting cars). The PA requires a degree of knowledge
transfer as students apply their understanding of force and motion to answer different types
of questions in a different context (figures pushing or pulling boxes).

The Assessment Triangle articulated by the NRC report Knowing what students know
also serves as a useful framework for describing our approach to PA development (Pelle-
grino et al., 2001). According to this framework, the corners of the Assessment Triangle
represent three critical elements underlying assessments: ‘a model of student cognition
and learning in the domain, a set of beliefs about the kinds of observations that will
provide evidence of students’ competencies, and an interpretation process for making
sense of the evidence’ (p. 44). In collaboration with SLIDER curriculum developers,
researchers attended to each of these three areas as they iteratively designed PA tasks.

Regarding our model of student cognition and learning, we consulted both curriculum
developers’ expertise and previous work outlining learning progressions of force and
motion concepts (Alonzo & Steedle, 2008) in order to appropriately target and sequence
the tasks. For instance, knowing that the concept of net force would be relevant across
tasks, we sequenced tasks in order to provide increasingly sophisticated representations,
from a simple tug-of-war scenario to more challenging scenarios asking students to
reason about forces acting on moving objects as they accelerate.
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Our notions of the types of observations likely to reveal evidence of students’ compe-
tencies and our ultimate decision to utilise a simulation-based PA format were grounded
in previous experience conducting whole-class PAs. Those assessments involved all
SLIDER students using manipulatives to design and conduct an investigation, followed
by an independent activity in which students interpreted data and explained their findings.
While informative, we found this whole-class approach to be extraordinarily resource
intensive, given that SLIDER was operating in 25 classes with approximately 750 students.
This approach required a substantial investment in supplies that would become relatively
obsolete following the assessment, several researchers allocated to each classroom for
several full days of data collection, and weeks to code and analyse the resultant data. In
addition to these practical considerations, due to limitations on students’ ability to
produce coherent explanations in this timed-writing context and limited potential for
researchers to probe student responses, we questioned whether results of these PAs accu-
rately reflected conceptual understanding. Given SLIDER’s design and development focus,
and its need for timely formative data to inform ongoing curriculum development, we
decided to explore whether simulation-based PAs administered to a smaller sample of
individual students would provide more useful observations of student learning.

The PA tasks described below were collaboratively developed by the SLIDER research-
ers and curriculum designers by adapting and editing Force and Motion simulations pub-
licly available through the University of Boulder PhET Interactive Simulation website
(https://phet.colorado.edu/). The five tasks described below elicit student understanding
of the major concepts addressed in the SLIDER curriculum’s second unit (net force, accel-
eration, friction, balanced and unbalanced forces, and inertia). We also developed a
detailed protocol and script that included task introductions, instructions, questions,
and follow-up prompts. As described below, each of the assessment tasks included mul-
tiple components designed to elicit student conceptions related to force and motion.

Task One: net force

In the first task (Figure 1), researchers explained the basic simulation and asked students to
describe the net force involved in three tug-of-war scenarios. Studentswere told to disregard
the forces of friction, gravity, and the push force from the ground and only consider the
forces from the figures pulling on the rope. In Scenario 1, students were asked, ‘If we
have four people of equal strength on each side, will there be a net force when the tug-of-
war begins?’ If students answered yes, theywere prompted to describe the net force. In Scen-
arios 2 and 3, students were again asked if there would be a net force when the tug-of-war
began. If students answered yes, they were given a large arrow and a small arrow and asked
to choose one and place it on the picture to show the net force. Studentswere then shown the
video simulation of the event and asked how the result compared to their prediction.

Task Two: acceleration

In Task Two (Figure 2) students watched a simulation of two scenarios in which a
figure pushed boxes of constant mass across the ground. In Scenario 1, the figure
pushed the box using 200 N of applied force and students used a stop watch to
measure how long it took for the box to reach a speed of 70 (approximately 19
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seconds). In Scenario 2, students are told that the figure will push the box using 400 N
of applied force and asked to predict how long it would take the box to reach a speed of
70. Students then measured the actual time (approximately 5 seconds) and were asked
to explain the difference in time for the two boxes and how the concept of acceleration
might explain this difference.

Task Three: friction force

During Task Three (Figure 3), students watched a video simulation of a figure pushing a
box along a surface with medium friction and were asked questions about the net force of
an object at three different time-points – at the start as the figure began to push the box
with constant force and the speed of the box increased, after the figure could no longer
keep up with the speed of the box and fell away, and when the un-pushed box had

Figure 1. Task One: net force.

Figure 2. Task Two: acceleration.
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slowed to a complete stop. At these three points, students were shown a picture of the
event and asked, ‘At this moment during the event, is there a net force acting on the
box?’ If students responded yes, they were given an arrow to place on the picture to rep-
resent the net force and were probed to explain their reasoning. If they answered no, there
were no follow up questions and the task continued.

Task Four: balanced forces

The simulation in Task Four (Figure 4) showed a figure that pushed a box with 250 N of
applied force against a frictional force of 125 N. When the box reached the speed of 70, the

Figure 3. Task Three: friction force.

Figure 4. Task Four: balanced forces.
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video was paused and students were asked, ‘Let’s say the figure wants to keep the speed at
70. What could the figure do to make that happen?’ Depending on the answer students
gave, additional probing questions were used to elicit student explanations.

Task Five: inertia

Task Five (Figure 5) probed students’ understanding of inertia. In Scenario 1, the simu-
lation figure used 300 N of applied force to push a box along the ground. Students
measured how long it took for the box to reach a speed of 70 (approximately seven
seconds). In Scenario 2, a second box with the same mass was stacked on the first box
and students predicted how long it would take for the figure, pushing with the same
applied force, to accelerate both boxes from 0 to a speed of 70. They then measured the
time (approximately 35 seconds) and were asked to explain the results. If their explanation
did not reference inertia, they were asked as a follow up, ‘Have you ever heard of inertia?’
and ‘What can you tell me about inertia that might explain why this happens?’

Performance task administration

SLIDER researchers administered all tasks to students individually using the PA task pro-
tocol in sessions lasting 15–20 minutes. The protocol included a pre-determined script for
each task with standard questions and probes, and researchers supplemented the protocol
with additional questions as necessary in order to elicit student explanations. The PA was
conducted in a quiet area within each school (e.g. library, empty classrooms) and was
video recorded.

Data analysis

Student responses were transcribed and the frequencies of student responses to yes/no or
select-an-option questions (e.g. selecting arrows or stating whether there was a net force in
Tasks One and Three) were calculated. Open-ended responses were coded by the same

Figure 5. Task Five: inertia.
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three researchers who administered the PA using a set of task-specific coding rubrics based
on known alternative conceptions related to net force, acceleration, friction, balanced
forces, and inertia. These rubrics were refined during the first round of coding to
include codes related to additional response patterns occurring in PA transcripts. Once
the rubrics were finalised, an ‘anchor set’ of 10 transcripts were coded by three researchers
to establish reliability. The remaining transcripts were coded by individual researchers,
with ongoing discussion among coders to address coding of any anomalous student
responses.

Results

In this section, illustrative results are provided as they relate to lessons learned from the
administration and analysis of the simulation-based PA.

The promise of simulation-based PA

The SLIDER PA revealed several potential advantages of utilising simulation-based PA. In
addition to generating useful data about student understanding of physical science con-
cepts, our experience conducting the SLIDER PA revealed both the educative potential
of PA and the particular benefits afforded by conducting such assessments using compu-
ter-based simulations.

Revealing student understanding through PA. To illustrate the ‘promise’ of simulation-
based PA as a method for investigating student understanding, we present below the
results for Task Four. Recall that Task Four was designed to elicit student conceptions
related to balanced forces, where students were asked to describe what the figure should
do to maintain a constant speed while pushing a box (see Figure 4). Figure 6 illustrates
students’ ultimate Task Four responses (e.g. ‘final answers’) and indicates whether stu-
dents arrived at these responses independently or after follow-up questions.

Student responses on Task Four were distributed across several of the conceptions
identified in our coding scheme, suggesting that the PA task was successful in eliciting evi-
dence of a variety of student understandings related to relevant force and motion concepts.

Figure 6. Distribution of student responses for Task Four.
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Among the sample of SLIDER students who participated in the PA (N = 74), 38% (N = 28)
correctly indicated that the figure should push the box with 125 N in order to balance the
force of friction. Students coded in this ‘Balanced Force’ category demonstrated under-
standing of the concept that balanced forces result in constant speed. The majority
(N = 23) of students who provided a balanced force response did so independently,
without prompting from the researcher. A smaller number of students (N = 5) initially
provided a different response but eventually arrived at the balanced force response after
follow-up questions. With the exception of three students who answered ‘I don’t know’,
the remaining students in the sample indicated that the figure should either push the
box with a force between the force of friction and the current applied force (‘Force
between’), maintain the current applied force (‘Push at 250 N’), or increase the amount
of force applied to the box in order to maintain a constant speed (‘More force’).

Although probing of student responses was somewhat inconsistent over the course of
PA administration, a limitation that will be discussed further below, follow-up questions
did yield useful information about the nature and persistence of student misconceptions.
As illustrated in Figure 6, many students provided responses coded as ‘Force Between’,
‘Push at 250 N’, and ‘More Force’ even after probing by the researcher. Further exploration
of these persistent, incorrect responses suggests that students’ reluctance to provide a
‘balanced force’ response may stem from the misconception that if the figure pushed
with a force equal to the frictional force, the box would stop moving. This ‘stopping’ mis-
conception, exemplified by the following exchange, was expressed by 20% (N = 15) of
students:

Student: If it wanted to keep the speed at 70, it would need to push at a constant like
force and like walk… run with it at a constant speed so it wouldn’t be
changing.

Researcher: Okay, how many Newtons of applied force should the figure use?
Student: Um, to keep it at 70, maybe around 200N.
Researcher: Okay, around 200N. Why do you think about 200N?
Student: Well, it needs to be more than the force of friction so it’ll keep moving.
Researcher: Okay.
Student: Well the speed needs to stay constant, so I guess it can’t be too much more.
Researcher: Okay, what do you think would happen if the figure pushed with 125N?
Student: I think the box would stay still.
Researcher: Stop?
Student: Mmhmm. [Affirmative]

The incidence of this ‘stopping’misconception is consistent with previous research related
to misconceptions in physical science. The conception was identified as misconception
FM110 within the American Association for the Advancement of Science (AAAS) MC
item bank (AAAS Project 2061, n.d.), which states that a net force is necessary in order
for an object to remain in motion, and that objects will slow down and stop if the net
force is not maintained (as cited by AAAS: Champagne, Klopfer, & Anderson, 1980;
Osborne, 1985). This finding highlights the diagnostic value for interactive, simulation-
based PA tasks in that they can be used to identify misconceptions that may not be cap-
tured by other assessment formats.

The educative potential of PA. Participating in the PA likely provided additional
exposure to key physical science concepts and opportunities to practice communicating
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explanations. The PA tasks also occasionally seemed to elicit a degree of disequilibrium
such that students realised that their current conceptual understanding was incompatible
with their observations of the PA simulations. For instance, consider the following Task
Four exchange:

Researcher: What could the figure do to make that happen?
Student: (long pause) Stay at a constant speed, and not try to increase his force.
Researcher: Ok, how would the figure push the box with a constant speed?
Student: By (pauses) he would (long pause) have to (pause) I don’t know, I can’t think

of it.
Researcher: Ok um, well tell me what happened to the speed of the box as the figure

pushed with 250 N of force?
Student: It increased
Researcher: Ok, and what would happen if the figure continued pushing with 250N?
Student: It would continue to increase
Researcher: Ok, so if the figure wanted the speed to stay the same, what would the figure

do?
Student: Maybe lower his force upon the box?
Researcher: Ok, how much force do you think the figure should push with?
Student: (pauses) uh, uh I don’t know if, I’m trying to think if it, if he’s supposed to

match the force. But if he does that, then the box probably won’t move
either way, so (pauses) I, I don’t know.

In this exchange, the student responds that the figure should maintain the force with
which it is pushing (250 N), but reconsiders and suggests decreasing the force after the
researcher draws attention to what happened when the figure pushed with 250 N in the
simulation. Although the student begins to suggest that the forces should be balanced,
he struggles to reconcile this developing understanding with his ‘stopping’misconception.

Similarly, students occasionally asked researchers to explain or provide the ‘correct’
answer, suggesting that participating in the PA task may have heightened students’ aware-
ness of gaps in their understanding of physical science concepts. This tendency was
evident in Task Five, where students were reminded that they learned about inertia in
their science class and asked to describe how inertia might explain what occurred in the
simulation. As illustrated in the exchange below and confirmed by teachers of our PA par-
ticipants, students often returned to class after Task Five seeking clarification on the
concept of inertia:

Researcher: In your class you learned about inertia. Is there anything about inertia that
might explain what happened?

Student: I can’t remember…maybe less friction acting onto the 2 boxes? I’m not 100%
sure. That’s my final answer.

Researcher: Do you have any questions before you go back to class?
Student: What is inertia?

The particular advantages of simulation-based PA. Finally, as we had expected, we found
simulation-based PA to have several advantages over other formats. Presenting the
simulation videos using a computer allowed us to utilise scenarios that would have
been difficult if not impossible to either describe in a written assessment or demonstrate
using physical objects. The computer-based simulation format also afforded a level of
consistency in the stimuli that is difficult to achieve with other formats. Although
there was variation in the prompts across students (described below), we could be
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certain that all students experienced the exact same representations of the targeted force
motion concepts.

The peril of simulation-based PA

Specific challenges related to the development, administration, analysis, and interpretation
of the PA are described below.

The costs of PA. While less time and resource intensive than previous whole-class PAs,
the time and resources devoted to designing the simulation-based PA and the subsequent
collection and analysis of PA data were considerable. An obvious trade-off was a decrease
in our sample size from the total population of students who completed the SLIDER cur-
riculum in 2013–2014 (n = 408), to our PA sample of 105 students. The PA was developed
over a six-month period prior to administration, utilising PhET simulations and video
editing software. This development required considerable time working with the simu-
lations and iteratively revising simulation videos and PA protocols based on feedback
from the project team. The administration of the PA, even with our smaller sample of stu-
dents, occupied a researcher and a research assistant for two full school days in each of the
five classrooms where data were collected, generated nearly 35 hours of video footage that
took several weeks to transcribe, and a dataset that took three researchers’ significant time
to code and analyse. In addition to significant investments of time and project personnel,
the PA required laptop computers to play simulation videos, video equipment for record-
ing PA sessions, and licenses for video editing and data analysis software.

The PA administration also required coordination with schools to reserve space for PA
administration and cooperation with teachers who provided input on student selection
and planned lessons that would allow for individual students to leave the classroom for
a significant portion of the class period to participate in the PA. Given SLIDER’s long-
standing relationships with our partner schools and teachers, making arrangements to
accommodate PA administration was not a major obstacle for our project. However, in
the absence of such relationships, scheduling, teacher and administrator cooperation,
and space constraints would likely pose serious challenges for PA administration.

PA administration challenges. In spite of careful planning and standardised PA pro-
tocols, the administration of the PA was not without its challenges. The PA simulations
and protocols were designed to minimise variation in PA administration across
researchers. For some tasks, consistent administration was easily achieved, with little
if any variation across students. For example, for Task One, all students were asked
an identical series of questions about whether net force was present in each of the
three tug-of-war scenarios. However, as PA data collection proceeded, we discovered
that eliciting student responses for other tasks required the revision or addition of
probing questions that were not in our original protocol. For example, for Task Five,
we anticipated the possibility that few students would spontaneously invoke the
concept of inertia when asked to explain why it took so much longer for the figure to
move two boxes (with double the mass) than one box. Thus, we included the following
prompt in the original protocol: ‘In your class you learned about inertia. Is there any-
thing about inertia that might explain what happened?’ (e.g. why it took so much
longer to move two boxes). Student responses to this prompt indicated that the question
seemed to guide some students to recollect and apply what they had learned about
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inertia during SLIDER. For others, the prompt confirmed that they either did not
remember learning about inertia at all or had an incomplete understanding. In the
process of PA administration and engaging students in discussion of the Task Five simu-
lation, we added a second prompt to provide additional scaffolding for students who had
difficulty recalling or applying the concept of inertia. In this second prompt, we asked
students ‘If I told you that one of these situations had more inertia than the other,
(i.e. one box vs. two boxes) which would you say had more inertia?’ In instances
where students were not able to answer the question or responded that they did not
know, this follow-up question provided additional confirmation that students had not
learned the concept of inertia. However, as illustrated by the exchange below, we soon
realised that this second follow-up question was flawed in that even students who did
not have an accurate understanding of inertia could infer from the question that the
scenario with two boxes would have greater inertia:

Researcher: If I told you that one of these situations had more inertia than the other, which
would you say had more inertia?

Student: This one. (pointing to 2 boxes).
Researcher: The 2 boxes?
Student: Yes.
Researcher: Okay, how come?
Student: Because you said more inertia.
Researcher: Okay, so because I said more…
Student: I tried using context clues.

Adding or changing prompts within the protocol had the obvious effect of reducing the
consistency of task administration across students. Task Four provides an example of a
prompt that was revelatory, but was inconsistently administered because it was added
midway through PA administration. When developing the task protocol, we were aware
of the possibility that students would harbour the misconception that a net force is necess-
ary for the box to remain in motion, and thus respond that the box would stop if the net
force is not maintained. However, once task administration began, we were struck by how
frequently and adamantly students expressed this particular misconception and decided to
add the following prompt to the protocol in order to assess for it more explicitly: ‘What do
you think would happen if the figure pushed with 125 N?’ Students who held the miscon-
ception that net force is required for an object to stay in motion would be expected to
respond that the box would stop. Because this prompt was added to the protocol after
our first round of PA data collection and only utilised when students gave responses
indicative of this misconception, our estimate that 20% of students held this misconcep-
tion likely underestimates its prevalence among SLIDER students.

In addition to the challenge of developing and refining task protocols, we encountered
several issues during task administration. Given that students were generally unfamiliar
with the researchers and the PA format, we anticipated that a certain number of students
would be hesitant to participate. In order to minimise student anxiety and help students
feel comfortable with the PA, we engaged students in a short discussion that included
explaining that their responses were being used only for our research and would not be
shared with their teachers or affect their grades. In order to give students an opportunity
to acclimate to the PA format, we intentionally scaffolded the tasks such that students
responded to relatively simple, straight-forward ‘yes or no’ prompts (i.e. Is there a net
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force?) in Task One before moving on to tasks that required students to provide expla-
nations related to more difficult concepts. In spite of these efforts, overcoming student
apprehension with the PA remained a concern. Although we did not have any students
fail to complete the PA, there were a number of students who provided short 1–2 word
answers, replied non-verbally (i.e. head-nodding), mumbled, or spoke so softly that micro-
phones were unable to record their responses. Thus, we found it necessary for researchers
to verbally confirm the answers provided by less communicative students in order to
produce recordings that could be transcribed for analysis.

A related issue concerned the challenge of interpreting responses in real time in order to
utilise effective follow-up questions. While some students who lacked understanding of
the concepts within the PA gave short ‘I don’t know’ responses, others provided longer
nonsensical responses that were often difficult for researchers to decipher and probe
more deeply in the moment. For example, consider the following Task Four exchange:

Researcher: How much force should the figure use?
Student: Just 75.
Researcher: Why do you think 75 Newtons?
Student: Then it will be like more than he’s pushing to get the box more farther.
Researcher: To get the box farther? Then you think 75 N?
Student: (nods head)
Researcher: Ok.

On hindsight, through coding and analysing PA transcripts we recognised the student’s
response that the figure should decrease the applied force from 125 N to 75 N as anom-
alous. Indeed, this was the only student who claimed that the figure should push the box
with less force in order to maintain its speed. Given the benefit of time to consider this
student’s response, we could suggest a number of follow-up questions or prompts to
help clarify the meaning of the student’s response. However, although the researcher con-
firms the student’s response (‘To get the box farther? Then you think 75 N? Ok.’), extem-
poraneously engaging reluctant students in discussion to clarify their responses presented
a challenge.

Finally, although the three researchers administering the task had worked collabora-
tively on its development, they each brought different skillsets and experience conducting
interviews and interacting with eighth-grade students. One researcher was a measurement
expert with expertise in PA; one researcher had a background in science education and
qualitative research; and one researcher was a subject matter expert who had recently
taught eighth-grade science. These differences in researcher backgrounds naturally led
to variations in the length and depth of PA interview sessions. Researchers with science
education background and experience teaching eighth-grade physical science more fre-
quently used follow-up questions to probe or clarify student understanding. Thus, the
same diverse expertise on our research team that contributed positively to the develop-
ment of the PA may have limited the consistency of PA administration.

Coding and analysis challenges. We developed coding rubrics based on learning pro-
gressions representing the range of student responses expected for each task. Specific
rubric code definitions reflecting anticipated responses were generated for each task
and the definitions were refined during the first round of coding. Because the tasks
were designed to elicit student understanding of specific concepts for which there are
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well-documented misconceptions, we expected a coding process that essentially consisted
of categorising student responses according to our rubrics. However, as the process of
coding and interpreting our findings commenced, we encountered many challenges
inherent in interpreting student responses to PA tasks. Although we had envisioned
what would constitute ‘correct’ (i.e. scientifically accurate) responses for each task, reliably
assessing responses provided by actual eighth-grade students was another matter
altogether. Some responses seemed, during PA administration and even a first round of
coding, to be indicative of a certain level of understanding but through extended discus-
sion with our research team, were ultimately determined to be insufficient. Task Two pro-
vides an example of one such response. Recall that in Task Two students are asked to
predict how many seconds it will take for a box to reach a speed of 70 if the force
pushing the box is doubled. Students are then asked to explain their predication (‘Why
did you predict ____ seconds?’). The vast majority (79%) of students predicted that it
would take half the amount of time (or less) for the box to reach 70 and explained that
since the box was being pushed with more (or double) the force, it would take less (or
half) the time. Our rubrics had allowed for the possibility that a student would explain
their prediction not simply in terms of proportional reasoning but instead by applying
their understanding of the concept of acceleration. Initially, we did have one response
that we thought merited this ‘acceleration’ rating on our rubric:

Researcher: How many seconds do you think it will take the box to reach a speed of 70?
Student: About 10 seconds.
Researcher: Why did you predict about 10 seconds?
Student: Because with a greater force it will move um quicker in a shorter amount of

time.

Although the student did not spontaneously use the term ‘acceleration’ in their expla-
nation, researchers who coded this response as acceleration felt that the student’s use of
the phrase ‘quicker in a short amount of time’ was indicative of his understanding that
the greater force would affect the rate of change of the velocity with which the box was
moving forward. However, when discussing this example with the research team, doubts
emerged about whether this particular student response exemplified understanding of
acceleration vs. simply another example of a student stating that the box would take
less time to get to 70 because of the greater applied force. After much debate, we
decided to code this instance as proportional reasoning in part because we inferred
that if the student had meant to apply their understanding of acceleration, they likely
would have predicted that the box would have taken much less time when pushed
with double the force, rather than their prediction of 10 seconds, which was approxi-
mately half the time of the first box.

Deliberations about the meaning of student responses also underscored the limitations
of students’ communication and language skills within the context of simulation-based
PA. Although we aimed to design clear tasks and protocols targeted at the eighth-grade
level, demonstrating mastery on the PA still required students to articulate their under-
standing of science concepts (i.e. net force, acceleration, and inertia) that are difficult
for many adults, including science teachers, to explain. When administering the PA
tasks and coding and analysing transcripts, researchers were often given the distinct
impression that students understood the concepts under investigation better than they
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could verbally communicate. Indeed, occasionally students would comment on the diffi-
culty of articulating their understanding. Some of these instances occurred among stu-
dents who were hesitant throughout PA administration; however, in other instances,
students who had given articulate responses found themselves unable to provide coherent
explanations on subsequent tasks. Consider, for example, the following Task Five
exchange:

Researcher: What can you tell me about inertia that might explain what happened?
Student: It’s sorta like the friction to me, like it’s how I remember it. I think it’s sorta

like a friction then like… it’s not like thermal or heat. It’s close to it, but not
like that. And like it’s just real easy for me to remember if I put like… it’s sorta
like friction but not close to friction and then… there is inertia. I can tell
there’s inertia like but I can’t explain it, but I know there is.

This student clearly does not have a working understanding of the concept of inertia;
however, their references to the related concept of friction and determination to
provide an explanation suggest that this student’s level of understanding may be quali-
tatively different from a student who simply responds, ‘I don’t know’ or ‘I don’t remem-
ber.’ Designing and applying coding rubrics that can account for such variations and
what they may suggest about student understanding is an ongoing challenge for our
PA project.

Conclusions and implications

In their articulation of the Assessment Triangle, Pellegrino et al. (2001) note that ‘it will
almost certainly be necessary for developers to go around the assessment triangle
several times, looking for mismatches and refining the elements to achieve consistency’
(p. 51). In discussing the connections between the cognition and observation corners of
the Assessment Triangle, Pellegrino et al. (2001) call for:

a well-developed knowledge base about the properties and affordances of tasks – what does
and does not work to reveal what students know and can do – helps the assessment designer
anticipate the types of knowledge and skills likely to be elicited by tasks with certain features.
(p. 51)

In an effort to contribute to this knowledge base, our account of simulation-based PA
illustrates the properties and affordances of this approach to gathering evidence of
student understanding of physical science concepts. We gained insight into persistent mis-
conceptions or ‘alternative understandings’ held by students and witnessed students
attempts to reconcile these ways of thinking about force and motion with what they
had learned through SLIDER. The discourse that occurs between student and researcher
over the course of a PA generated insights on student learning that informed decisions
about curriculum design and implementation. For instance, the results of the Task Four
analysis summarised above suggest that the existing curriculum could be strengthened
by incorporating activities that more explicitly address the ‘stopping’ misconception
articulated by many students. The tasks revealed not only whether students were able
to apply their understandings of relevant physical science concepts in order to provide
a ‘correct response’ but also, to some extent, how students arrived at their responses,
whether independently or after further discussion.
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Further, this work lends credence to the specific value of utilising simulations in the
context of PA. Through the simulation videos, students were able to observe scenarios
and physical properties that would be challenging if not impossible to clearly and consist-
ently present using physical objects. For example, in Task Four, when students observe a
figure pushing a box with a specific applied force, using the simulation videos we were able
to stop the figure at a precise time-point in order to ask the students about how the figure
could maintain a constant speed. Creating a task that uses physical objects to consistently
present this PA scenario to dozens of students by several researchers would be exceedingly
difficult.

Because our performance tasks were only administered once, following curriculum
implementation, we cannot draw conclusions about changes in student understanding.
However, having refined our performance tasks through this first round of administration,
the project is currently exploring the use of the tasks as a pre–post measure in order to
examine potential changes in students’ understanding of concepts within the curriculum.
To the extent that simulation-based PA tasks themselves may be educative, we can also
envision their use by science teachers to at once assess and deepen student understanding
of science concepts. Although conducting full performance task interviews with individual
students may be logistically challenging for classroom teachers, short PA tasks may
provide an avenue for engaging students in meaningful discussion related to their under-
standing of science concepts.

Regarding the connections between cognition and interpretation, the approach to
simulation-based PA described here suggests new possibilities for making sense of
student performance on assessment tasks aligned to force and motion learning pro-
gressions. In previous work, we have explored techniques for analysing misconception-
based multiple-choice assessments in order to provide useful diagnostic information
about the nature of students’ conceptions (Wind & Gale, 2015). Although these techniques
are promising for discerning overall patterns of misconceptions within a sample, we have
found that simulation-based PAs conducted with individual students may provide a more
nuanced account of student understanding at specific entry points within physical science
learning progressions. In spite of challenges designing effective protocols and interpreting
student responses, we found the qualitative data about student understandings generated
by our simulation-based PA to be particularly useful for curriculum development within
the context of DBIR (Penuel & Fishman, 2012).

Regarding connections between observation and interpretation, our experience illustrates
both the potential and the limitations for simulation-based tasks yielding interpretable evi-
dence of students’ conceptual understanding. By iteratively developing task protocols and
coding rubrics, we were able to analyse student responses in ways that ultimately yielded
useful insights about potential learning outcomes to inform curriculum revisions. At the
same time, we observed firsthand the challenges of designing tasks that accommodate stu-
dents’ diverse verbal language abilities and the difficulty of developing coding schemes that
adequately capture nuances in students’ conceptual understanding.

Finally, our experience suggests a number of organisational considerations for research
teams interested in developing or administering PAs. We found the inclusion of subject
matter experts to be critical, not only in the design of PA tasks but also in the collection
and analysis of PA data. Perspectives from experienced educators and science education
researchers well versed in the conceptual development literature were indispensable as
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we refined our PA protocol and later worked to make sense of student responses. The
degree to which our task prompts evolved in the early stages of our PA administration
affirmed the importance of pilot-testing, particularly when it comes to developing the
probes and follow-up questions to guide conversations with students. Finally, our experi-
ence suggests certain pre-conditions that are likely necessary for successful PA implemen-
tation including cooperative relationships with classroom teachers and administrators,
time and space to conduct the PA, and the availability of researchers to devote consider-
able time to data collection and analysis.

The methodology and illustrative examples described here highlight both the challenges
and the opportunities for observing student understanding of physical science concepts
through simulation-based PAs. To be sure, PAs present unique challenges for data collec-
tion, analysis, and interpretation. These difficulties notwithstanding, our project’s foray
into the challenging terrain of simulation-based PA hints that the challenges may be out-
weighed by the potential benefits.
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