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Abstract. Computer-assisted assessment environments, such as intelligent
tutoring systems, simulations, and virtual environments are now being designed
to measure students’ science inquiry practices. Some assessment environments
not only evaluate students’ inquiry practice competencies, but also provide real-
time scaffolding in order to help students learn. The present study aims to examine
the impact of real-time scaffolding from an animated, pedagogical agent on
students’ inquiry performance across a number of practices. Participants were
randomly assigned to one of two conditions: receiving scaffolding or no scaf‐
folding. All participants completed three virtual labs: Flower (a general pretest),
Phase Change, and Density. Results showed that students who received imme‐
diate feedback during assessment performed better on subsequent inquiry tasks.
These findings have implications for designers and researchers regarding the
benefits of including real-time scaffolding within intelligent assessment systems.
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1 Introduction

The Next Generation Science Standards (NGSS) were developed in order to promote
high quality science instruction emphasizing the integration of three central dimen‐
sions: science inquiry practices, crosscutting concepts, and disciplinary core ideas
[1]. For this vision to be realized, valid assessment of these areas is required. The
first dimension, science inquiry practices, consists of eight practices that students are
expected to engage in and master in grades K through 12. Some practices include:
forming testable questions, carrying out experiments, analyzing/interpreting data,
warranting claims with evidence [2], and communicating findings. These practices
are difficult to capture and assess using traditional forms of assessment [3]. Hands-
on science inquiry experiments that can elicit these practices are demanding for
teachers to implement in classrooms and are extremely difficult to grade [4] due to
teacher-student ratios and lack of rigor on observation-based scoring. Other tradi‐
tional forms of assessment that involve multiple choice items do not fully capture
student competencies at science practices [3]. Additionally, assessments based on
open-response items do not fully or accurately capture students’ inquiry practice
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competencies [5, 6], yielding both false negatives (skilled science learners who
cannot articulate what they know in words) and false positives (students who are
simply parroting what they have read or heard but do not understand the content or
practices, etc.). The challenges involved in effectively and accurately capturing
students’ science inquiry practice competencies have led to the development of
various technological assessment systems, whose goals are to assess students’ NGSS
competencies. Specifically, researchers have developed assessments using simula‐
tions [7], virtual learning environments [8] and intelligent tutoring systems [3] to
measure students’ science inquiry performance. The designs of these systems vary
depending on assumptions held regarding the role of assessments. Some assessment
systems have been designed for the sole purpose of evaluating student performance,
without providing support or guided feedback to students to promote learning within
the system [i.e. 9]. Other researchers [3, 7, 8], however, note the need for and bene‐
fits of assessment systems that also promote student learning by providing different
forms of scaffolds and feedback.

Scaffolding refers to hints and supports provided to a student as they engage in a task
that may otherwise not be possible for that student to complete independently [10].
Students often have difficulty completing science inquiry tasks without guidance [11],
which is why it is important to integrate carefully designed scaffolds into science inquiry
contexts such as virtual assessments [12]. Scaffolding in online environments may
involve providing hints on how to go about completing a task or providing directed
feedback based on student performance on the particular task. Several technology-based
inquiry assessment systems designed with scaffolded feedback have been found to
benefit learning of science content and process skills [3, 7, 8, 13]. For instance, SimS‐
cientist evaluates students based on their performance in interactive simulations [7].
Students receive guidance that becomes increasingly informative based on their
performance on practices related to conducting experiments and interpreting data. With
this system, Quellmaz et al. [7] found that students were deeply engaged and that
students, including English Language Learners, demonstrated improved science inquiry
performance after completing the assessments. This system, however, covered only two
topics and the impact of scaffolding on student performance for specific inquiry practices
was not examined.

Another science inquiry system that used scaffolds to support student learning is Co-
Lab [8]. Co-Lab virtual environments were designed for four topics related to environ‐
mental and physical sciences. The Co-Lab environment provides faded scaffolding, so
the system provides gradually less support to students as they become more experienced
with the system. Using Co-Lab, van Joolingen et al. [8] indicated that scaffolded support
enabled students to engage with increasingly complex models and data. While the scaf‐
folding in Co-Lab was found to be beneficial, it did not address all science inquiry
practices and did not provide real-time, directed feedback to students based on their
performance.

Inq-ITS, (Inquiry Intelligent Tutoring System; inqits.com), is a web-based intelli‐
gent tutoring and assessment system with interactive virtual simulations for NGSS
science topics in the areas of life, earth, and physical science [3]. Inq-ITS has a peda‐
gogical agent, Rex, who provides real-time scaffolding to students as they engage in
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virtual labs. Real-time scaffolding means that feedback is provided immediately
following student actions indicating unproductive behavior or lack of skills, as opposed
to other kinds of automated feedback that may be provided before or after a student has
completed an activity. The real-time scaffolding in Inq-ITS is not faded but is responsive
to student performance on a number of science inquiry practices including: forming
questions, planning investigations/hypothesizing, conducting experiments, interpreting
data, and warranting claims with evidence [13–17]. Prior studies with this system have
found the scaffolding to be particularly effective for both students’ learning of practices
such as hypothesis formation and conducting experiments [14, 15] as well as interpreting
data and warranting claims [16, 17]. Researchers have yet to examine, however, the
benefits of scaffolding in Inq-ITS across several science topics for multiple practices
within the same study. It is important to investigate the influence of scaffolding across
topics and practices.

The present study examined the impact of real-time scaffolding on learning of
science inquiry practices within Inq-ITS. The following two research questions were
addressed:

RQ1: Does students’ overall performance across science inquiry practices (i.e.
generating a hypothesis, collecting data, interpreting data, and warranting a claim)
improve in subsequent science topics (i.e. phase change and density) if they receive real-
time scaffolding?

RQ2: If so, for which specific inquiry practices (i.e. generating a hypothesis,
collecting data, interpreting data, or warranting a claim) does real-time scaffolding
improve performance?

2 Method

2.1 Materials

This study adopted three virtual labs in Inq-ITS. The Flower virtual lab contains three
activities with the aim of fostering understanding about petal loss caused by salt or sugar,
and about the changes to the color of a flower caused by adding red dye. The flower
virtual lab could be considered the most basic Inq-ITS lab due to the minimal prior
knowledge needed to successfully complete the lab and the fact that each independent
variable in the simulation has only two levels. The Phase Change virtual lab contains
four activities and aims to foster understanding about how the boiling point of water is
impacted by a series of independent variables, including: different levels of heat (Low,
Medium, and High), different amounts of ice (100 g, 200 g, and 300 g), and different
sizes of a container (Small, Medium, and Large). The Density virtual lab contains three
activities and aims to foster understanding about the relationship between the density of
a liquid and the: type of liquid substance (water, oil, and alcohol), amount of liquid
(quarter, half, and full), and shape of a container (narrow, square, and wide). Demos of
Inq-ITS activities are available on the website (inqits.com).
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2.2 Measures for Inquiry Practices

In each activity, participants complete four stages of inquiry practices, each of which
was automatically assessed by our system. The first three inquiry stages constitute the
investigative portion of the virtual lab. The last stage involves writing a scientific
explanation based on the results of the investigation. The present study examines student
performance on inquiry practices during the investigative portion of the virtual lab, as
described below. Each practice is measured using our patented algorithms [3, 18]. The
first stage of the virtual lab is the Hypothesis/planning investigation stage, where
students use a widget (dropdown menu) to formulate a hypothesis based on an activity
goal. This practice was measured by correct identification of an independent variable
(IV) and a dependent variable (DV). In the Collect Data/conducting experiments phase,
students use a widget (clickable buttons) to manipulate the independent variables in a
simulation while a data table automatically records and assesses their inquiry for this
practice. This practice was measured by testing a hypothesis and conducting a controlled
experiment. If the variables were nominal, then data collection was also measured
according to whether there was a pair of trials that tested two levels of the target nominal
IV. During the Analyze Data/interpret data stage, students use a widget (dropdown
menu) to state their claim, identify whether or not their claim supports their hypothesis,
and select evidence that supports their claim (clickable). This stage consists two prac‐
tices. One practice is about data interpretation, which is measured by correctly selecting
an IV and DV for claim, interpreting the relationship between the IV and DV, and inter‐
preting the hypothesis/claim relationship. Another practice is about warranting the
claim, which is measured by the selection of more than one trial to warrant the claim,
selection of controlled trials, providing data for the relationship between the IV and DV,
and providing data for the hypothesis/claim relationship.

The sub-components of these practices were automatically scored as 0 or 1 point by
educational data mining and knowledge engineering techniques based on whether
students demonstrated competency or not [3, 18]. Prior studies have demonstrated the
detectors’ high performance [3, 14, 15]. Students’ total score for each practice was
calculated by taking the mean across corresponding sub-practice scores, and the overall
inquiry score was calculated by taking the mean across all inquiry sub-practice scores.

2.3 Participants and Conditions

48 middle school students in grade 7 were randomly assigned into a scaffolding condition
(hereafter called the Rex condition; N = 24) or a condition without scaffolding (hereafter
called the No Rex condition; N = 20). Students were from three different middle schools
located in the North Western United States. Two of the middle schools were public
(42.3% and 60.0% of students received free and reduced lunch, respectively) and one
was an alternative middle school (82.4% of students received free and reduced lunch).
All participants completed three Inq-ITS virtual labs during their regular science class
time over the course of one month in the order of: Flower, Phase Change, and Density.
Students received regular science instruction between the implementation of the labs.
The Flower virtual lab was used as a baseline, in which all the participants completed
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three activities without any real-time scaffolding from the animated, pedagogical agent,
Rex.

Results of a one-way ANOVA for the Flower virtual lab showed that the total inquiry
scores were not significantly different between the two conditions (see Flower in
Table 1 for details). Results of a one-way MANOVA (four inquiry practices × 2 condi‐
tions) for Flower further showed that performance on each inquiry sub-practice in
Flower was not significantly different between conditions (see Table 2 for details). These
results indicated that students in the two conditions (Rex and No Rex) were not signif‐
icantly different on their competencies at inquiry before real-time scaffolding was
provided in the first virtual lab. Thus, to investigate the impact of scaffolding, students
in the Rex condition received scaffolding from Rex in the second (Phase Change) and
third (Density) virtual labs only when they did not demonstrate the presence of compe‐
tency. In the No Rex condition, students never received scaffolding and could progress
between the stages of an activity even if they demonstrated poor performance on inquiry
sub-practices.

Scaffolding in the Rex condition was provided in real time when the system detected
that the student needed support on any of the science inquiry sub-practices. If compe‐
tency on a particular sub-practice was not demonstrated (for example when the student
collects data), Rex would pop-up on the screen with a speech bubble providing a general,
orienting hint (see Fig. 1) first. For instance, if a student was running multiple trials in
an experiment with the wrong independent variable, Rex would remind the student to
look at their hypothesis and make sure they were designing an experiment that tested
the hypothesis. The student would click an “okay” button when he/she was finished
reading the Rex hint and would then continue with the activity. Some scaffolded Rex
hints allow students to request additional information, such as the definition of the term
“independent variable” [15, 17].

Table 1. Statistics for time × condition across three virtual labs.

Time Condition Mean SD 95% C.I. F η2 Power
Lower Upper

1 (Flower) No Rex 0.53 0.20 0.45 0.61 0.05 0.001 0.056
Rex 0.52 0.26 0.45 0.59

2 (Phase change) No Rex 0.53 0.28 0.44 0.62 24.41*** 0.368 0.998
Rex 0.83 0.19 0.75 0.91

3 (Density) No Rex 0.82 0.26 0.73 0.92 0.09 0.002 0.060
Rex 0.84 0.21 0.75 0.93

Note. *** p < .001. SD = standard deviation. C.I. = confidence interval. N = 44; df = 1, 42.
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Table 2. Statistics for practices × time × condition across three virtual labs.

Practices Time Condition Mean SD 95% C.I. F η2 Power
Lower Upper

Generating
hypothesis

1 No Rex 0.94 0.16 0.87 1.01 1.88 0.043 0.268
Rex 0.88 0.16 0.81 0.94

2 No Rex 0.83 0.26 0.74 0.91 4.18* 0.090 0.515
Rex 0.95 0.12 0.87 1.03

3 No Rex 0.90 0.17 0.83 0.97 0.26 0.006 0.079
Rex 0.92 0.13 0.86 0.99

Collecting
data

1 No Rex 0.40 0.30 0.24 0.55 0.11 0.003 0.062
Rex 0.36 0.38 0.22 0.50

2 No Rex 0.50 0.37 0.37 0.63 21.65*** 0.340 0.995
Rex 0.90 0.19 0.79 1.02

3 No Rex 0.85 0.22 0.73 0.96 0.17 0.004 0.069
Rex 0.88 0.27 0.77 0.98

Interpreting
data

1 No Rex 0.62 0.18 0.53 0.70 0.12 0.003 0.063
Rex 0.60 0.19 0.52 0.67

2 No Rex 0.50 0.21 0.41 0.59 16.01*** 0.276 0.974
Rex 0.75 0.21 0.67 0.84

3 No Rex 0.79 0.30 0.68 0.91 0.00 0.000 0.050
Rex 0.79 0.21 0.69 0.90

Warranting
claims

1 No Rex 0.17 0.17 0.06 0.29 0.90 0.021 0.152
Rex 0.25 0.31 0.14 0.35

2 No Rex 0.31 0.31 0.19 0.43 25.05*** 0.374 0.998
Rex 0.71 0.22 0.60 0.82

3 No Rex 0.75 0.34 0.62 0.88 0.07 0.002 0.058
Rex 0.77 0.23 0.65 0.89

Note. *** p < .001. SD = standard deviation. C.I. = confidence interval. N = 44; df = 1, 42.

If a student demonstrated competency on all sub-practices after receiving scaffolding
from Rex, Rex would not appear again. If the students’ performance on the sub-practice
did not improve with subsequent attempts, then Rex would continue to pop-up and
provide hints that gradually became more informative. If other sub-practices were not
demonstrated, Rex would provide feedback on them. In other words, Rex would not let
students progress from one inquiry stage to the next until they had successfully demon‐
strated all of the inquiry sub-practices related to the particular stage they were on.
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Fig. 1. Example of a Rex pop-up hint.

3 Analyses, Findings, and Discussion

A repeated measures analysis was performed to investigate whether students’ perform‐
ance on each of the inquiry practices improved with real-time scaffolding provided after
completion of the first, baseline virtual lab (i.e. Flower). The two within-subjects factors
were the four inquiry practices and time phase of completion (i.e. first, second, or third
virtual lab completed). The analyses adopted students’ performance on their first
attempts before scaffolding was provided by Rex for each inquiry practice, because this
performance reflected students’ real competency in inquiry practices. The between-
subjects factor was the two experimental conditions (Rex versus No Rex). The analyses
adopted the mean scores of each inquiry practice across all the activities in each virtual
lab.

3.1 Performance on Overall Inquiry Practices Across Time Phases

Results of the repeated measures analysis showed a significant two-way interaction
between time and condition, F (2, 41) = 16.36, p < .001, η2 = .444. Table 1 illustrates
the means, standard deviations, and other descriptive statistics. The pairwise compari‐
sons of conditions at each time phase showed that students achieved higher inquiry
scores (an aggregated score) in the Rex condition than the No Rex condition in the second
virtual lab. There were no significant differences between the two conditions on the third
virtual lab. To further explore why there was no difference in performance on the aggre‐
gated inquiry score between the two conditions on the third virtual lab, pairwise compar‐
isons of time within each condition were conducted. Results showed that students in the
Rex condition achieved significantly higher performance in the second virtual lab rela‐
tive to the first virtual lab, p < .001, Cohen’s d = 1.36. This increase was not significant
from the second to the third virtual lab, but a significant increase was found from the
first to the third virtual lab, p < .001, d = 1.35. In the No Rex condition, no significant
increase in performance was found from the first to the second virtual lab, but in the
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third virtual lab students significantly improved relative to the first (p < .001, d = 1.41)
and second virtual lab (p < .001, d = 1.17).

These findings indicate that students who received scaffolding from Rex significantly
improved their performance on inquiry practices in the second virtual lab versus students
who did not receive scaffolding from Rex. However, in the third virtual lab, students
who never received Rex’s scaffolding caught up with those students who received Rex’s
scaffolding. These findings imply that whether or not students receive scaffolding, their
inquiry performance improved with increased use of Inq-ITS virtual labs; three virtual
lab activities (each with 3-4 driving questions), however, are required to yield this
change. Additionally, the improvement for students who received scaffolding was much
faster than those who did not receive scaffolding.

Therefore, the answer to the first research question is that students’ performance on
overall inquiry practices greatly improved in the subsequent virtual lab if they received
real-time scaffolds. Based on our research design, we believe this improvement is due
to Rex’s scaffolds that provided students with guidance when they needed it in order to
support them in conducting inquiry. The series of scaffolds served to elaborate the
reasons why a particular practice was important and the steps involved in successfully
engaging in the practice. This form of guided discovery facilitates learning and perform‐
ance on future inquiry tasks [13–17].

3.2 Performance on Each Inquiry Practice Across Time Phases

As a follow-up to the analyses above, we examined students’ performance on each
specific inquiry practice of interest (i.e. generating a hypothesis, collecting data, inter‐
preting data, warranting a claim). Results of the repeated measures analysis showed a
significant three-way interaction of practices × time × condition, F (6, 37) = 2.53, p = .
038, η2 = .291. Table 2 illustrates the means and standard deviations of inquiry practices
and other statistics. The pairwise comparisons for each inquiry practice showed students
achieved higher inquiry practice scores in the Rex condition than the No Rex condition
in the second virtual lab. There were no significant differences between the two condi‐
tions in the third virtual lab at the specific inquiry practice level; similar to results at the
overall inquiry performance level.

The pairwise comparisons showed that students in the Rex condition achieved
significantly higher performance in the second virtual lab than in the first virtual lab for
practices of data collection, p < .001, d = 1.80; interpreting data, p = .004, d = 0.75; and
warranting claims, p < .001, d = 1.71. This increase was not significant from the second
to the third virtual lab, but was significant from the first to the third virtual lab for all
three practices, i.e., data collection, p < .001, d = 1.58; interpreting data p = .002, d =
0.95; and warranting claims, p < .001, d = 1.91. In the No Rex condition, no significant
increase was found from the first to the second virtual lab. However, a significant
increase was found from the first virtual lab to third virtual lab for data collection, p < .
001, d = 1.71; data interpretation, p = .012, d = 0.69; and warranting claims, p < .001,
d = 2.16.

These findings are similar to those for overall inquiry practices, except for the prac‐
tice of generating a hypothesis, on which students scored very high in the first virtual
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lab, which suggests that they had already mastered this practice. The answer to the
second research question is that real-time scaffolding greatly improved students’
performance on data collection, data interpretation, and warranting claims in the second
virtual lab. However, students’ performance was very similar between the Rex and No
Rex conditions in the third virtual lab (i.e. average scores of 0.85–0.88 points for data
collection, 0.79 points for interpretation, and 0.75–0.77 points for warranting; see
Table 2). This consistent pattern informs us that students’ performance on these three
inquiry practices does improve with increased use of Inq-ITS virtual labs, but improves
faster when real-time scaffolding is provided.

4 Conclusions, Future Directions, and Implications

In this study we investigated whether real-time scaffolds within an inquiry system
improved students’ inquiry performance; we also investigated the effects of scaffolds
on student performance across multiple activities. We found that students who received
scaffolding from Rex significantly improved their performance in the second virtual lab
relative to those who did not receive scaffolding from Rex on both overall inquiry and
on specific inquiry practices. In the third virtual lab, students who never received Rex’s
scaffolding eventually reached similar levels of performance relative to those who
received Rex’s scaffolding. These findings imply that whether or not students received
scaffolding, their performance eventually improved. Whether this increase in perform‐
ance, however, was a demonstration of the benefits of discovery learning or the effects
of teacher instruction remains unclear. Future studies are needed to further examine the
potential impact of in-class instruction that occurs between student’s use of virtual labs.

Additionally, students with scaffolding improved their overall inquiry performance
as well as performance on the specific practices of collecting data, interpreting data, and
warranting a claim faster than those who did not receive real-time scaffolding. Prior
studies have explored the benefits of scaffolding in Inq-ITS through modes such as
interviews with students [19]. In the future, it would be valuable to attend to whether
the number of Rex hints decreased for students from the first to third virtual lab.

Our study provides empirical evidence that a well-designed computer-assisted
science inquiry system alone facilitates learning, but adding scaffolded feedback further
accelerates learning of inquiry practices. These findings thus inform assessment
designers and researchers that, if technology allows, adding real-time scaffolding can
greatly benefit student learning of and performance on inquiry practices. This study
contributes to research on the design of assessment systems in the following three ways.
First, this study provides empirical evidence that assessment with automated, real-time
scaffolding can effectively and efficiently improve students’ learning. Second, this study
further demonstrates how a science inquiry environment can foster student learning of
practices even when scaffolding is not present. While students can learn within carefully
designed environments without scaffolding, the rate at which they learn is slower relative
to when scaffolding is provided. Lastly, the findings of this study inform designers and
researchers of the benefits of adding real-time scaffolding to assessment systems in terms
of the rate of student learning.
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