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Abstract

Prior research has shown negative relations between math anxiety and math performance.
We posit that one potential pathway through which math anxiety influences performance
of math equivalencies is through help seeking behavior during learning. Here, we exam-
ine whether middle school students’ behavior, specifically the frequency of hint requests,
within educational technologies mediates the association between math anxiety and per-
formance of math equivalence. Students completed a pretest measuring their performance
of math equivalence and math anxiety prior to the intervention, and a posttest measuring
their performance of math equivalence. We examine mediation in two online math learning
technologies: From Here to There (FH2T) and ASSISTments. In both FH2T and ASSIST-
ments, students can request hints that provide just-in-time support during problem solving.
We examined whether the frequency of hint requests mediates the effects of math anxiety
on performance in both conditions. Using multi-group mediation analyses, we found that
math anxiety was not a predictor of hint usage in either condition when controlling for
pretest performance. Further, we found that students with lower performance at the pretest
used more hints in the problem set condition, and using more hints was associated with
lower performance of math equivalence at the posttest. This relation was not significant
in the FH2T condition, suggesting a fundamental difference in hint usage between the two
technologies. These findings have implications for designing educational technologies that
simultaneously promote math performance and productive help seeking behaviors in mid-
dle school students.
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Actively seeking help can be especially challenging for students with high math anxi-
ety, who may experience intense fear and worry at the thought of doing math (Lyons &
Beilock, 2012) or seeing a math formula (Pizzie & Kraemer, 2017). Also, students often
struggle to engage with mathematics and ask for help when they need it (Newman, 2008).
This could be due to lack of self-efficacy, classroom structure, social factors, and other
reasons (Ryan et al., 1998). High math anxiety is linked with poorer performance and math
achievement (Foley et al., 2017), and students who are math anxious often show patterns of
math avoidance and seek less help (Choe et al., 2019; Ramirez et al., 2018), which in turn
prevents them from improving their math performance.

Emerging educational technologies, where students work their way through online les-
sons or math problem sets that include readily available hints may help mitigate some of
these help-seeking and avoidance issues by design (Razzaq & Heffernan, 2010). Many
educational technologies have integrated features that encourage students to seek help. For
example, students in an online environment can simply click a button to request and receive
a hint or help on a problem without any form of social pressure (e.g. Anderson et al., 1995;
Heffernan & Heffernan, 2014), whereas students in traditional classrooms may experience
anxiety when raising their hand to ask their teacher a question or expressing confusion in
front of their peers (e.g. Karabenick & Knapp, 1991; Newman, 1990). Such affordances in
educational technologies can transform an act of help-seeking that traditionally is social
and potentially risky (interrupting a lesson to ask a question) with something that has a
lower perceived risk and is less visible to others in the classroom (clicking a button). In
addition to providing a safe space for students to request help during problem-solving,
many educational technologies record student actions and provide educators and research-
ers the information to explore and potentially improve students’ help seeking behavior (e.g.
Kehrer et al., 2013; Razzaq & Heffernan, 2010).

This unique affordance of hints and granular data logged within educational technolo-
gies provides the opportunity for researchers to explore how math anxiety, help-seeking
behavior, and math achievement relate to each other. While much research on educational
technology compares learning in one system to traditional business-as-usual classrooms
(Kelly et al., 2013; Singh et al., 2011), direct comparisons between different educational
technologies can provide valuable insights. Specifically, these comparisons can reveal how
differences in technology design may impact student learning. In this paper, we explore
the relations between prior knowledge, math anxiety, and hint usage, and how these rela-
tions impact performance of math equivalence when students receive an intervention with
one of two different educational technology tools: From Here to There! (FH2T; (Ottmar
et al., 2015a, b) or problem sets in ASSISTments (Heffernan & Heffernan, 2014). These
two technologies both have demonstrated efficacy for improving math learning; however,
they differ significantly in design, including the function, presentation, and impacts of hints
available on these two tools. FH2T presents hints in a playful, game-based environment
that encourages flexible problem solving in which there is no score, and the hints give the
student a first step to an answer path; whereas the problem set system in ASSISTments
offers a partial credit system in which points are deducted in percentage as students request
hints and these hints follow one path to the correct answer. Because of these distinctions,
we expect to see differences in how students’ use of hints impacts their posttest perfor-
mance between the two educational technologies. Further, we anticipate that the design and
function of hints play a role in mediating the relations between student’s anxiety and per-
formance of math equivalence. Specifically, we predict that the game-based hints in FH2T
may encourage effective help seeking behaviors and be less anxiety inducing to mitigate
the negative effect of math anxiety on performance.
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Math anxiety

Math anxiety refers to fear or apprehension related to engaging with math (Ashcraft, 2002).
For students who are math anxious, common educational activities such as completing
homework problems, taking math assessments, demonstrating problems on the board, ask-
ing the teacher for help, or even just seeing a math problem can trigger intense worries
and heightened physiological responses (Lyons & Beilock, 2012; Pizzie & Kraemer, 2017).
Across numerous studies, high math anxiety has been found to be associated with poorer
math performance (Foley et al., 2017; Ma, 1999; Wu et al., 2012). Some research has
found evidence for a reduced competency account, which contends that students develop
math anxiety because they lack the foundational math skills necessary to perform well
(e.g., Maloney et al., 2010). This development of math anxiety may be driven by avoidance
of math and poor help-seeking behavior (Ramirez et al., 2018).

There has also been research to support that there may be differing effects of math anxi-
ety on performance based on gender. One study found that the negative correlation between
math anxiety and arithmetic performance was shown exclusively in girls (Van Mier, et al.,
2019) while another study showed that even though girls typically have higher anxiety,
boys suffer more negative effects on math performance due to math anxiety (Szczygiel,
2020).

While the effects of math anxiety in the classroom are well-known, it remains unclear
how these effects translate into the online learning sphere and how help-seeking in those
online learning tools plays a role. One study comparing a game-based learning technol-
ogy, a more traditional online learning technology through eBooks, and a business-as-usual
condition with classroom instruction found that students in the game-based technology
showed the most improvement in math performance. However, no significant difference in
math anxiety from pretest to posttest was found between the three conditions (Hung et al.,
2014).

As online math learning platforms, both game-based and answer-based, become more
common, exploring the potential relations between math anxiety and learning in different
platforms is critical for improving future design of online systems. Further, many teachers
are increasingly using online learning platforms (e.g. FH2T, ASSISTments) to both facili-
tate engagement as well as to enhance student learning. Despite the increasing popularity
of using technology in the classroom, there is a scarcity of research on using technology
to relieve the effects of math anxiety (Iossi, 2007). Some research suggests that students
may experience lower levels of anxiety when given the opportunity to complete math prob-
lems online; however, this relation may depend on the level of anxiety a student typically
has in class and during exams (Stowell & Bennett, 2010). Further, it is possible that the
inherent designs of educational technologies—such as how students seek help in these sys-
tems—can differentially alter the impact of math anxiety on later performance (Beilock &
Maloney, 2015).

Help-seeking behavior in classrooms
Academic help-seeking behavior can be both formal and informal (Karabenick & Berger,
2013; Karabenick & Knapp, 1988). In classroom settings, academic help seeking takes

many forms. Students who are struggling may seek help in the form of asking questions
during class or contacting the instructor outside of class, or by turning to classmates, peers,
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or friends for questions and support. In many technology-based learning environments, stu-
dents can request and receive immediate help during learning and problem solving. Specif-
ically, with the rapid advancement of educational technologies, online learning platforms
offer several different types of on-demand support to students, ranging from context-spe-
cific hints (Anderson et al., 1995; Stamper et al., 2011) and worked examples, to general
background support materials such as online glossaries and videos (Aleven & Koedinger,
2000; Whitehill & Seltzer, 2016).

Overall, effective help-seeking behavior, both formal and informal, has been shown to
improve learning and increase performance in school through hints that prompt students
to employ a specific strategy or showing an example of a strategy being used correctly
(Renkl, 2002; Wood & Wood, 1999). However, there is growing evidence that students
may not always exhibit effective help-seeking behaviors that lead to gains in learning and
performance, and that students seek and react to help differently depending on their prior
knowledge, achievement goals, and self-perceptions for a variety of reasons (Aleven et al.,
2003). For instance, students are less likely to seek help if they already feel vulnerable
about their knowledge or ability in a subject (Karabenick & Knapp, 1991). Further, stu-
dents perceiving help-seeking as a threat to their self-esteem may be less likely to seek help
formally in classrooms (Karabenick & Knapp, 1991). Due to the perceived psychologi-
cal risks of help seeking by students, a recent study found that students were more likely
to seek help in private instead of publicly in the classroom (Peeters et al., 2020). Thus,
students’ self-perceptions or psychological risk, such as concern about self-esteem, can
greatly impact their likelihood to engage in help-seeking behaviors in classrooms.

Help-seeking behavior in online educational technologies

The relations between students’ affective factors and their help-seeking behaviors might
differ in online educational environments, in that students may not ask for hints due to
social pressure in the classroom but may ask for hints from online systems. While online
learning technologies allow students to receive critical help and resources without the
social risks of help seeking, there are drawbacks to this. Previous studies have shown that
when using educational technologies, some students may exhibit help-seeking strategies
that are not conducive to learning. For instance, students often ignore the help facilities,
such as hints, on the tutoring system or use them in ways that are not likely to promote
learning (e.g., game the system by requesting all hints including the correct answer), sug-
gesting that ineffective hint use may diminish the benefit of hints in the tutoring system
(Aleven et al., 2003). Further, Aleven and Koedinger (2001) found that students with lower
prior knowledge requested hints more frequently compared to students with high prior
knowledge, yet requesting more hints was associated with lower math performance, sug-
gesting that any potential benefit from hints was not sufficient for improving math perfor-
mance. In educational technologies, when the student is responsible for discerning their
need for help, these ineffective help-seeking behaviors can play a great role in limiting
their learning (Aleven & Koedinger, 2000, 2001; Aleven et al., 2003).

Plenty of work has since explored how help can be designed and incorporated in edu-
cational technologies to mitigate the negative effects of affective factors and encourage
students’ productive help-seeking behaviors. For instance, ASSISTments allows teach-
ers and researchers to flexibly implement hints and scaffolding in the form of immediate
or delayed support. A study conducted on ASSISTments (Kehrer et al., 2013) found that
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students who completed math homework with correctness feedback immediately available
learned more compared to students who only received correctness feedback at the end of
the assignment. Another study that used ASSISTments (Razzaq & Heffernan, 2010) also
found that when on-demand hints are available, middle school students who asked for more
hints performed better on algebra assignments. These results suggest that when hints are
available on demand in educational technologies, students may be more likely to engage
in help-seeking behaviors that lead to learning gains. However, the benefits of on-demand
hints are still uncertain; there is varying evidence of when hints are helpful and to what
extent the context in which hints are presented influences learning (Price et al., 2017). For
example, an initial study first showed that students improved their math performance when
on-demand hints were available, yet a replication study later did not find performance gains
(Inventado et al., 2018).

Recent studies have also shown that design mechanisms in the help-seeking features of
math computer assisted learning systems may help mitigate poor help seeking behaviors.
Students demonstrate more learning gains when their hint use was regulated by the system
and rejected for a period of time if it was deemed to be overused as a way to encourage stu-
dents to attempt on their own compared to those that were able to ask for hints at all times
without regulation (Chou & Chang, 2021). Another pilot study found evidence for learn-
ing gains in a data driven hint display that responds differently based on a student’s help
seeking tendency (i.e., help avoidance or help-abuse), by either encouraging or reminding
students of the presence of hints or not allowing hints to become available for a period of
time (Marwan et al., 2020).

As evident in prior studies, the effects of student factors, such as self-perceptions and
math anxiety, on their help-seeking behaviors are unclear and complex, especially in online
learning environments. Such complicated relations have presented a particular challenge
for researchers and educators to determine how help should be designed in educational
technologies. Given that productive help-seeking can positively impact students’ perfor-
mance and learning, it is critical to understand these relations and to develop systems that
provide students with appropriate hints and encourage effective help seeking behaviors.

The present study

In the present study, we examine how the impact of math anxiety on performance in math-
ematics equivalence differs between two educational technologies and how the use of hints
within these educational technology tools may influence the association between math anx-
iety and math performance. Further, we explore the influence of students’ prior knowledge
on the relations between math anxiety, hint requests, and performance of math equivalence.
We utilize data collected from a classroom study testing the impacts of two educational
technologies—FH2T and problems sets in ASSISTments—on equivalence understanding.
FH2T (https://graspablemath.com/projects/th2t) is an online, self-paced math game
in which students dynamically manipulate equations and expressions to match specified
goals (Ottmar et al., 2015a, b). ASSISTments is a problem-based educational technol-
ogy where students solve traditional textbook problems and receive immediate cor-
rectness feedback on their answers (Heffernan & Heffernan, 2014). Both systems have
been shown to be effective at improving students’ math performance (Chan, et al., 2021;
Hulse et al., 2019; Roschelle et al., 2016). In both systems, students can request hints
during problem-solving, and they need to solve the problem to proceed in their learning
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activity. However, these technologies differ in many aspects, including how the hints
are designed. In FH2T, one hint is available per problem that provides students with a
cue about a possible pathway to solve the math puzzle. The hint encourages students
to think about problem solving processes but does not penalize students for using it. In
the problem set condition, three hints are available per problem: a conceptual hint, a
worked example of a similar problem, and a worked example of the given problem. Stu-
dents can request the correct answer to the problem after the three hints. The students
can request hints at any time, but the system deducts points for each hint requested. In
comparing these two technologies, we are essentially examining the effects of the ways
in which hints and immediate feedback are presented on math anxiety and equivalence
understanding, an aspect of algebra learning.

Because of the various implications of math anxiety, including its potential role of math
anxiety in help-seeking behavior, we investigate how students demonstrating help-seeking
behaviors in the form of using hints in online technologies may mediate the effects of math
anxiety on performance of equivalence. We have conducted a randomized controlled trial
with a pretest measuring math anxiety and performance, four sessions of technology inter-
vention in FH2T or a problem set condition, and a posttest measuring math performance
of equivalence. In the current study, we examine the relations between pretest math per-
formance of equivalence, math anxiety, hint usage, and posttest math performance in the
context of FH2T and the problem set condition in ASSISTments. Further, we explore how
these two technologies may differentially impact the association between math anxiety and
performance through students’ hint requests within the technologies. Figure 1 shows the
conceptual model that we are testing in this study.

Our hypotheses are as follow:

1. Higher pretest math anxiety would be associated with lower posttest equivalence per-
formance (the direct path C; Foley et al., 2017; Ma, 1999; Wu et al., 2012).

2. Students with higher math anxiety would request more hints in the online environment
as the online vs. classroom context might involve fewer negative social consequences
(path A; Karabenick & Knapp, 1991; Newman, 1990), and more hint requests would be
related to lower posttest equivalence performance (path B; Aleven & Koedinger, 2000,
2001; Aleven et al., 2003).

Pre-Math

Gifted
Status

Post-Math

Gender

Pre-Anxiety

Fig. 1 The proposed multi-group structural equation model for the current study

@ Springer



Examining relations between math anxiety, prior knowledge,...

3. The pattern of results (i.e., paths A and B) may be different between the problem set
condition and the FH2T condition. Given the prior research on math anxiety and help-
seeking behavior in online learning contexts, math anxiety may promote more inefficient
help seeking (Aleven & Koedinger, 2000, 2001; Aleven et al., 2003). However, the hints
in FH2T may be less anxiety inducing due to the game based nature and flexible problem
solving that is less intimidating and does not penalize students for requesting help as
is the case in the problem set condition. Therefore using hints in FH2T may not be as
strongly related to math anxiety and math equivalence performance as in the problem
set condition.

These hypotheses were pre registered and can be found at OSF https://doi.org/10.
17605/0SF.IO/YWHXB. We do note that the original preregistration also included
examining the roles of error feedback on the relation between math anxiety and per-
formance of equivalence. However, due to the stark differences in how the two systems
capture errors and error rates between the two conditions, we focused only on hint usage
in the current study.

Methods
Participants

Ten teachers from six middle schools were recruited from a large, urban district in the
Southeastern United States to participate in a 6-week randomized controlled trial. The
10 teachers together taught 29 math classes with a total of 689 students. Random assign-
ment of the intervention condition occurred at the student-level, with the 689 students
randomly assigned to FH2T (n=348) or problem set (n=341) conditions. Most students
were in sixth grade (609 students, 88.4%), and the remaining (80 students, 11.6%) were
in seventh grade. All students in the district were in one of three levels of math class-
rooms: advanced (525 students, 76.2%), on-level (111 students, 16.1%), or support (53
students, 7.7%). Most students in our sample were advanced sixth grade students. The
racial breakdown of our initial sample is as follows: 48.4% was Asian, 39.0% was White,
6.4% was Hispanic, 2.6% was African American, and 3.6% was identified as other racial
groups.

Due to scheduling constraints, 19 students from one classroom did not participate in the
study, 195 students did not complete at least 50% of the items on the equivalence assess-
ment, and nine students did not complete the math anxiety questionnaire at pretest. These
223 students were excluded in the following analyses. The 50% cutoff on pretest and post-
test equivalence assessments was determined during preliminary analysis. The students
who completed less than 50% of items tended to spend little time on the assessments (< 13
out of 45 min), and dropped out. The 50% cutoff allowed us to more accurately estimate
students’ math understanding and learning. Excluded students had higher levels of pretest
anxiety (excluded M=18.1, SD=7.72; included M=15.7, SD=28.29, #(627)= —3.267,
p=0.001), were more likely to be in the seventh grade (26.1% of excluded, 4.5% of
included, x2(1, N=688)=69.148, p<0.001) and White (50.8% of excluded, 34.1%
of included, x2(1, N=661)=16.013, p<0.001), and less likely to be Asian (31.3% of
excluded, 55.6% of included, x2(1, N=661)=32.496 p<0.001), or identified as gifted
(29.2% of excluded vs 52.1% of included, x2(1, N=661)=29.123 p<0.001). The final
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sample included the remaining 466 students: 225 (48.3%) were in the FH2T condition, and
241 (51.7%) were in the problem set condition.

The racial breakdown of our final sample is as follows: 55.6% was Asian, 34.1% was
White, 4.5% was Hispanic, 2.1% was African American, and 3.6% was identified as other
racial groups. The student demographics and pretest scores of the final sample (N=466)
were comparable between conditions (e.g., 54.7% were male and 45.3% were female. Fur-
ther, 52.1% of the students in our sample were identified as gifted in the data provided
by the district (as indicated by the state criteria) and 47.9% were identified as not gifted
(see Appendix for demographics based on condition). The study was approved by and
conducted in accordance with the human subjects’ guidelines of the Institutional Review
Board.

Procedure

This study consisted of a 45-min pretest, four 30-min intervention sessions, and a 45-min
posttest in a course of six weeks during the fall of 2019. During week 1, all students com-
pleted an assessment on their equivalence knowledge, and questionnaires on their math
anxiety and self-efficacy. From weeks 2 to 5, students completed four intervention ses-
sions on either FH2T or the problem set condition. The mathematical content was aligned
between the two conditions. Finally, all students completed a posttest assessment along
with questionnaires on math anxiety and self-efficacy in week 6. All study assignments
were administered online in math classrooms during instructional periods, and students
worked individually at their own pace using a device (see Chan et al., 2021 for details).
For our analysis, we focused on the math anxiety questionnaire, pretest and posttest equiva-
lence scores, and the use of hints in each condition.

Technology interventions
Two technology interventions were used in this study.
From Here to There!

In FH2T, students used gesture-actions to transform algebraic expressions (e.g.,
114+55+y+89+45) into mathematically equivalent goals (e.g., 100+y+100). For
instance, in Fig. 2, the student first dragged the 11 on top of 89 (Fig. 2b) to produce the
sum of 100 on the right (addition; Fig. 2¢). Then, the student performed a similar trans-
formation with the 45 and 55 (drag to add; Fig. 2d) to produce 100 on the left (Fig. 2e).
It is important to note that students could attempt mathematical errors (e.g., tapping the
addition sign to combine 5+ 2x) while transforming expressions in FH2T, but the system
did not commit these errors. Rather, the system provided immediate feedback and allowed
students to explore alternative moves (i.e., 5+2 Xshakes and remains as 5+2x). When
the active expression matched the goal state, a clover board appeared showing the number
of clovers awarded based on the number of steps taken to reach the goal (Fig. 2f). Stu-
dents received three clovers when they reached the goal in the fewest possible steps; they
received two clovers when they reached the goal with one or two more than the fewest pos-
sible steps; they received one clover when they reached the goal with three or more than
the fewest possible steps. The attempts of mathematical errors did not influence the number
of clovers awarded.
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100+ +100 100+ +100 100+4+100

o \ o

+4S

100 +y+100 100+ +100

oo

0 100 +y+100

—

100 +y+100 100 +y+100
o

Fig.2 A Sample Problem and Student Actions in From Here to There. Note Students transform a start
expression (a), through a potential transformation process involving two steps (b-d) to reach the goal state
(e). Students then will receive feedback (i.e., clovers) based on their performance (f). In each problem, one
hint is available upon request. Students can request the hint by selecting the light bulb icon on the left side
(g), and a hint is displayed underneath the problem (h). After requesting a hint, the hint icon disappears,
and students cannot request additional hints (i)

Students worked at their own pace through 14 different levels of the game known as,
“worlds” each containing 18 problems. Students needed to complete at least 14 problems
in a world to move to the next world. In each problem in FH2T, students could request one
hint that provided them with either a general strategy or a direct first-step instruction to
successfully transform the starting expression into the goal state. For instance, in Fig. 2,
when the student requested a hint (Fig. 2g), the hint stated “Add 11 and 89 together to
make a 100” which provided an informative and strategic first step for students to reach the
goal (Fig. 2h). Using hints in FH2T did not negatively impact the number of clovers a stu-
dent could receive on that problem, and FH2T did not give any type of grade report at the
end of each session. For each problem in FH2T, we recorded whether each student used the
hint and coded “did not request a hint” as 0 and “did request a hint” as 1.

Problem set condition in ASSISTments

Students in the problem set condition solved traditional math problems in ASSISTments, a
free online tutoring system for homework and problem-solving practice (Heffernan & Hef-
fernan, 2014). The problems in ASSISTments were selected and adapted from three open-
source middle-school math curricula: Utah Math Project (2016), Illustrative Mathematics
(2017), and Engage NY (2014), so that the problems aligned with traditional instruction
and the topics covered in FH2T. During each session, students received 24 to 39 questions
one at a time, and they selected or entered their answer on the screen.

The problem set condition in ASSISTments include four types of problems: multiple
choice, select all that apply, short answer and open response. Multiple choice questions
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involved selecting one answer by clicking the response option. Select all that apply
involved selecting all response options that were correct for that question. Short answer
involved typing the correct answer in a text box. Open response involved typing sen-
tences into a text box for students to explain their thinking. All the problems had the
options for requesting hints except for the open response questions which were ungraded
and were used to gauge students’ reasoning. The open response questions were excluded
from the analysis.

For most problems in the problem set condition, students could request up to three
hints, one at a time, by using the “request hint” button, on each problem (Fig. 3a). After
a student asks for three hints, the button was then labeled “show answer” (Fig. 3b).
Students could request the correct answer, enter the answer, and move on to the next
problem (Fig. 3c). The amount of point students received depended on the number of
incorrect answers they submitted and the number of hints they requested. Unlike FH2T,
each use of a hint in the problem set condition involved a deduction of point for each
problem. The point deduction varied depending on the type of problem and the number
of answer options. For example, using a hint on a multiple-choice problem with only
two options would result in more point deductions compared to using a hint on a short
answer problem. Students received a green check if they answered the problem correctly
without hints or incorrect attempts, and a red “X” if they ran out of points on the prob-
lem by using all hints or submitting multiple incorrect answers. We recorded the number
of hints students requested and coded the data: “0” for “did not request any hints” and
“1” for “did request at least one hint.” This was done because the two technologies had a
different number of hints available; FH2T had one hint per problem and the problem set
condition had multiple hints.

a C

Problem ID: PRABKETY Comment on this problem

Calculate the difference.

-2 - (-16

Problem ID: PRABKETY Comment on this problem

Calculate the difference.
-2 -(-16)

eogge™
engage™

®
— 100
Subtracting a negative number is the same s adding a positive number.

Subrmit Aswer Request Hints - Show hint 1 of 3 Conmenton i bl
b An example:
Calculate the difference. ==l
-2 =(-16) Comment on this hint
-2-(-16)
Sublracting  negative number s the same as adding a pasitive rumber. S
Comment on this hieg. -—
Comment on this iy
An example:
2-(-1)
.21
=7
. C - § d
— 3 hints fqrectansver qummm—_ Correct Answer
-2 -(-16)
220
— ‘ ®
Commenton g — ¥
== Enter and
Submit Answer

Submit Answer

Partial Credit M) sm— "
bk dre, Request AnswerBEEEEp s wer

Fig.3 A Sample Problem in the Problem Set Condition. Note a A sample problem in the problem set con-
dition in ASSISTments with the hint request button available to students. b Each of the three hints is pre-
sented in a yellow box, and students can request the correct answer. ¢ The correct answer is presented in a
yellow box
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Measures

All data was collected using the ASSISTments platform as students engaged in the study
activites. A number of measures described below were collected as students solved
problems.

Hint requests

In FH2T, there was one available hint for each problem. For each problem, we recorded
whether students requested a hint (0) or not (1). We computed the percentage of problems
on which each student requested hints (i.e., problems that a hint was requested / total prob-
lems completed) and used the percent hint request as a mediator in the analysis.

In the problem set condition in ASSISTments, most problems had three available hints.
We recorded the number of hints students requested, and coded whether students requested
any hints (1) or not (0) on each problem. We computed the percentage of problems on
which a student requested hints (i.e., problems that at least one hint was requested / total
problems completed) and used the percent hint request as a mediator in the analysis.

Pretest and posttest: equivalence understanding

Students’ equivalence understanding was measured with six items selected from a pre-
viously validated measure of algebra knowledge (Rittle-Johnson et al., 2011; Star et al.,
2015). An example of the item was identifying equivalent expressions (e.g., (n+3)+(n+3
)+ (n+3)+ (n+3) is equivalent to 4(n +3)). Another example item was to recognize that if
10x+12=17 was true, 10x+12—12=17 — 12 would also be true. Each item was scored as
correct (1) or incorrect (0), and the reliability of the items was fair, KR-20=0.70. The aver-
age score of the six items on the pretest was included as a covariate in the analyses. This
measure is not intended to represent all aspects of math performance, but addresses spe-
cific aspects of math equivalence performance. (In this context, references to performance
reflect math equivalence performance).

Math anxiety

Students’ math anxiety was measured using 13 items selected from the Math Anxiety Scale
for Young Children-Revised (¢ =0.87; Ganley & McGraw, 2016). Although the Scale was
developed for young children, it comprised items that measured students’ negative reac-
tion (4 items, e.g., “math gives me a stomachache”), numerical in-confidence (3 reverse
items, e.g., “I like doing math problems on the board in front of the class”), and worry-
ing (6 items, e.g. “I get worried before I take a math test”), providing opportunities for
exploratory analyses on aspects of students’ math anxiety. Further, because the items were
designed for elementary school students, the variation in middle-schoolers’ reading abili-
ties would likely not interfere with students’ self-report rating of their math anxiety. For
each item, students rated how well it described their feeling towards math on a four-point
scale (no=0; not really=1; kind of =2; yes=3). We reverse coded the numerical in-con-
fidence items so higher scores reflected higher numerical in-confidence and higher math
anxiety. The reliability of the scale (@ =0.88) was comparable to that reported in Ganley
and McGraw (2016). While this measure was designed for younger students, similar reli-
ability of this scale was found when used in a study of 8-13 year old students which found
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math anxiety to be a negative predictor of math fluency (Pollack et al., 2021). The average
scores on the math anxiety scale at pretest was included as a predictor in the analyses.

Analytic approach

We examined the mediation of hint usage in both systems to test if there were differences in
the relations between math anxiety, hint usage, and posttest math equivalence performance
between the two conditions. We then created two SEM models, one for each technology,
to examine how using hints differentially impacted the relation between pretest math anxi-
ety and posttest math equivalence performance in the two conditions. In all models, we
included students’ gender and gifted status as covariates as they have been found to be
associated with students’ math anxiety and/or prior performance.

Results
Preliminary analyses

Descriptive statistics by condition are presented in Table 1 (further descriptive statistics
such as participants’ race, grade, and class are available in the Appendix). Reflecting the
student-level random assignment, no significant between-groups differences were observed
in any of the pre-intervention variables: gender (1, N=466)=0.122, p=0.727), gifted
status (y*(1, N=466)=0.016, p=0.901), pretest math performance (#(464)=-— 0.720,
p=0.472), and pretest math anxiety (#(464)=-0.317, p=0.752). Between group differ-
ences were observed in hints (#(464)=5.469, p<0.001) such that there was greater use
of hints in the problem set condition, and posttest math performance (#(464)= —2.042,
p=0.042) where FH2T showed higher posttest math performance.

Table 2 reports the correlations among all the variables in the model, presented sepa-
rately by condition. Although the size of correlations was often consistent across groups,
several differences were observed, particularly among correlations involving the use of
hints. For example, hint usage was strongly and negatively correlated with posttest equiva-
lence scores in the problem set condition (r=— 0.581); the same correlation was relatively
small in the FH2T condition (r=— 0.160). The same pattern was also observed between

Table 1 Descriptive statistics

Problem set FH2T

(N=241) (N=225)

Mean SD Min Max Mean SD Min Max
Gender 0.46 0.50 0 1.00 0.44 0.50 0 1.00
Gifted 0.52 0.50 0 1.00 0.52 0.50 0 1.00
Pretest math anxiety 15.55 8.53 0 36.00 15.80 8.05 1.00 39.00
Hints 0.07 0.07 0 0.54 0.04 0.04 0 0.23
Pretest performance 3.76 1.63 0 6.00 3.87 1.59 0 6.00
Posttest performance 4.00 1.56 0 6.00 4.30 1.54 0 6.00

Gender: student gender (0=male, 1=female); Gifted: student gifted status (O=not identified as gifted,
1 =identified as gifted)
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Table 2 Correlations by intervention condition

Variable Gender Gifted status Math anxiety Percent hint Pretest math Posttest math
1. Gender —0.01 0.20%* —-0.07 —0.06 —0.05
[-0.14,0.12]  [0.07,0.32] [-0.20,0.06] [-0.19,0.07] [-0.18,0.09]
2. Student 0.12 —0.20%* —0.16% 0.48%* 0.41%*
Level [-0.00, 0.25] [-0.32,0.07] [-0.29,0.03] [0.37,0.57] [0.30, 0.51]
3. Math anxiety 0.09 —0.15% 0.12 —0.41%* —0.35%*
[-0.04,0.21] [-0.27,0.03] [-0.01,0.25] [-0.51,0.29] [-0.46,—0.23]
4. Hints 0.00 —0.41%* 0.23%%* —0.21%* —0.16*
[-0.13,0.13] [-0.51,0.30] [0.11,0.35] [-0.33,0.08] [-0.28,-0.03]
5. Pretestmath  — 0.06 0.51%* —0.41%* —0.50%* 0.66%*
[-0.19,0.07]  [0.41, 0.60] [-0.51,0.30] [-0.59,0.40] [0.57,0.72]
6. Posttest math — 0.10 0.49%* —0.33%* — 0.58%* 0.647%*

[-0.23,0.02] [0.38,0.58] [-044,021] [-0.66,0.49] [0.56,0.71]

Values in square brackets indicate the 95% confidence interval for each correlation. Top right diagonal is
FH2T and bottom left diagonal is problem sets in ASSISTments

Gender student gender, Gifted student gifted status, Math anxiety pretest math anxiety, Hints percent hint
usage, Pretest math pretest math equivalence performance, Posttest math posttest math equivalence perfor-
mance.

#p<0.05, #%p <0.01

hints and pretest performance (problem set: r=— 0.497, FH2T: r=— 0.207) and between
gifted status and the use of hints (problem set: r=— 0.410, FH2T: r=— 0.161). In essence,
these reflected a stronger association between the use of hints and other variables among
students in the problem set condition, relative to those in the FH2T condition.

Primary analyses

Primary analyses involved a series of multi-group (FH2T vs. the problem set condition in
ASSISTments) structural equation models (SEM), as illustrated in Fig. 1. Reflecting the
power of the child-level randomization, an initial series of analyses found that all means
(i.e., intercepts), paths, and errors that were solely based on the pre-randomization vari-
ables (female, gifted status, pretest math equivalence performance, pretest math anxiety)
could be constrained equal without significantly reducing the model fit. Note that this
involved constraining all paths that did not include hints or posttest math equivalence
performance as equal. This served as the null model (Model 1, Table 3). The null model
fit the data well, X2(16, N=466)=12.855, p=0.683, CFI=1.000, RMSEA =0.000,
SRMR =0.025.

Eight follow-up analyses (Models 2-9, Table 3) tested whether each of the paths involv-
ing hints and/or posttest math equivalence performance could be constrained equally
across groups, by comparing their fit indices to the null model. Results of those analy-
ses found that four additional paths could be constrained equal across groups: The paths
from gender to hints (Xz(l, N=466)=0.635, p=0.426), pretest math anxiety to hints
(Xz(l, N=466)=0.011, p=0.916), gifted status to posttest math equivalence performance
(Xz(l, N=466)=0.166, p=0.684), and pretest math anxiety to posttest math equivalence
performance (Xz(l, N=466)=0.070, p=0.791). This resulted in a final model in which
these additional four paths were also constrained to be equal across groups. As reported
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in Table 3 (Model 10), this final model fit reflected a more parsimonious fit than the null
model (x*(4, N=466)=0.914, p=0.923).

Path coefficients for the final model are presented in Table 4 and illustrated in
Fig. 4. Note that the correlation between gifted status and gender was not statistically sig-
nificant (r=0.060, p=0.196); however, the correlation between pretest math equivalence
performance and pretest math anxiety was significant (r=— 0.370, p <0.001), corroborat-
ing the previously documented negative relationship between achievement and math anxi-
ety. Both were constrained equally across groups and are not shown in Fig. 4 in order to
simplify the image. Also, for clarity, non-significant paths are presented in light gray.

As evidenced in Table 4 and Fig. 4, a clear group difference exists in terms of the role
of hints. In the problem set condition, pretest math equivalence performance has a strong
negative association with hints, which then has a strong negative association with posttest
math performance—suggesting that part of the effect of pretest math equivalence perfor-
mance on post math performance is being mediated by hint usage. However, these effects
were not found in the FH2T condition. Collectively, this suggests that the relations of hint
usage to prior performance and post performance may vary depending on the instructional
design of the platform.

Discussion

The goals of the present study were to examine the relations between math anxiety, hint
usage, and performance of math equivalence, and to consider the differences in these rela-
tions between two educational technologies: FH2T and a problem set condition with hints
and immediate feedback. While there were no direct relations from math anxiety to hint
usage, hints seemed to play a different role in each of these two technologies. Specifically,
a significant negative relation from hint usage to later equivalence performance was found
in the problem set condition, but not the FH2T condition. While these results do not pro-
vide a straightforward picture of the pathways through which math anxiety or hint-usage
influences later math equivalence performance or determine which elements of the two
technologies cause the different patterns of results, it suggests that variations in design
components of educational technologies and students’ initial performance can differentially
influence learning.

Help-seeking behaviors are negatively related to math equivalence performance
in problem set condition

The differences in the relations of hints and post-test performance in the problem set and
the FH2T conditions encourage further exploration of the potential mechanisms that lead
to more positive student outcomes. One plausible reason for the differences between the
groups may be due to the ways that the technologies scaffold or encourage exploration of
the math concepts or penalize students for using hints. Importantly, FH2T does not penal-
ize a student when hints are requested or invalid mathematical actions are attempted, which
may afford students opportunities for exploring different strategies to reach the goal state.
Students may explore and acquire multiple strategies to the same goal through using hints,
retrying problems, and comprehending immediate feedback on invalid actions. These feed-
back features in FH2T could support students by giving them the flexibility of applying
various strategies and the opportunities to request hints and attempt invalid actions in a
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Table 4 Final model: path coefficients

Problem set condition FH2T
i CR )4 B CR p
Constrained Equal ~ Gifted-PreMath 0.501 12.475  <0.001 0.501 12475  <0.001
Gifted-PreAnx -0.182 —-4.013 <0.001 -0.182 -4.013 <0.001
Female-PreMath —-0.089 —2.221 0.026 —0.089 —2.221 0.026
Female-PreAnx 0.151 3343  <0.001 0.151 3343  <0.001
Pre-Anx-PostMath — 0.086 —2.363 0.018 —0.086 —2.363 0.018
Gifted-PostMath 0.141 3.654 <0.001 0.141 3.654 <0.001
PreAnx-Hints 0.037 1.113 0.266 0.067 1.113 0.266
Female-Hints -0.036 —1.204 0.229 -0.067 —1.204 0.229
Unconstrained PreMath-Hints —-0375 —-5.786 <0.001 -0.148 —1.875 0.061
Gifted-Hints —0.206 —3.246 0.001 —0.079 —1.048 0.295

Gifted gifted status, Hints percent hint usage, Female student gender, PreMath pretest math equivalence
performance, PreAnx pretest math anxiety, PostMath posttest math equivalence performance

a Problem Set b roT

Pre-Math Pre-Math

Post-Math

Fig.4 Final SEM model

cognitively and emotionally safe environment. Alternatively, it could be that without a
penalty for using hints, students regardless of their prior knowledge may feel more com-
fortable to check their understanding by using the hints, contributing to the weak associa-
tion between pretest math equivalence performance and percent hint request in the FH2T
condition.

In contrast, the problem set condition, as a traditional online tutoring system, has a dif-
ferent approach towards providing support for students. Because it is set up like a home-
work assignment or test evaluation, the system rewards students for entering the correct
answer and penalizes students for requesting hints or submitting a wrong answer. Specifi-
cally, students receive correctness of feedback on each problem (e.g., a green check for a
right answer or a red X for a wrong answer). Part of this feedback is also based on the num-
ber of their incorrect attempts and hint requests. For example, if they use all the available
hints and request the correct answer, they will still receive a red X. Students also receive
a score report on the problem set assignment at the end of each session showing their cor-
rectness on each problem. This evaluation-based system may create a more negative and
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intimidating environment for students when it comes to using hints because they are penal-
ized on their score for using hints. Further, when students are not able to find the correct
answer, they must use hints in order to advance to the next problem. While it is unclear if
increased hint usage in the problem set condition is due to more unproductive help seeking
behaviors, some students may be discouraged from using hints because it decreases their
overall score on the assignment, whereas other students may abuse hints and the correct
answer so that they can quickly complete the assignment. As suggested by prior research
(Aleven & Koedinger, 2000, 2001; Aleven et al., 2003), both patterns of hint usage are
ineffective and may hinder learning. Students, in general, request hints more often in
ASSISTments than in FH2T because they cannot move on unless they enter the correct
answer when solving problems. This may explain the negative link between hints and post-
test scores in the problem set condition and not FH2T.

A third possibility for the differences in pathways may be that the innate design differ-
ences between the two technologies, independent from the hints. The game-based design of
FH2T may have encouraged more flexible and exploratory thinking when solving the math
problems more than the traditional problem sets in ASSISTments. As a game-based plat-
form, FH2T supports exploration and encourages students to try many different approaches
to solving a problem. Holistically, the game-based features or the dynamics of the FH2T
system that support all mathematically valid actions and provide subtle immediate feed-
back on invalid actions may be a less intimidating environment for students to explore dif-
ferent solutions and may encourage them to use hints. For example, if students try to per-
form a step on the problem that is mathematically invalid, FH2T will provide immediate
error feedback by sharking the expression and prevent them from committing this mistake.
In the problem set condition, students are not prevented from making mistakes in the prob-
lem-solving process and may continue solving until they enter an incorrect answer. Thus,
the differences in the ways that the two technologies respond to mistakes, may play a role
in who requests a hint, and how requesting hints relates to their math performance. Future
research will utilize log-data from student behaviors to explore the role of immediate feed-
back in the different systems.

Complex relations between math anxiety, help-seeking behavior, and performance

The results of this study demonstrate that the relations between prior knowledge, math
anxiety, hint usage, and math outcomes are not straightforward. It is unclear whether
the hints themselves or the students’ math anxiety are the mechanisms that are leading
to lower performance, or whether other factors, such as students’ prior math knowledge
and the design of the learning environments, influence the relations between hint usage,
prior knowledge, and later performance of math equivalence. The negative association
between hint usage and posttest equivalence may be partly driven by students’ prior
knowledge in math. In the problem set condition, lower knowledge students were more
likely to request more hints, and requesting more hints was related to lower posttest
performance of math equivalence. This contrasts previous work in ASSISTments which
found that hints in the form of worked examples were effective for learning (Singh et al.,
2011). Students with lower prior knowledge may need more help, which may lead them
to request more hints. It is also plausible that greater hint usage may be a proxy for
prior math knowledge. However, this account could not explain why the path between
hints and posttest equivalence performance remained significant when accounting for
the influences of pretest equivalence performance in the problem set condition but not
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the FH2T condition. This different pattern of results between the two conditions is espe-
cially noteworthy because the students showed comparable equivalence performance at
pretest.

We also hypothesized that hint usage would mediate the association between math
anxiety and later performance. As expected, math anxiety was negatively correlated
with posttest scores on the equivalence knowledge assessment, with the effect compara-
ble among students in the two technology interventions. Higher math anxiety was also
correlated with more hints requests in the problem set condition, whereas this associa-
tion was not significant in the FH2T condition. However, after accounting for students’
initial math equivalence performance, this relation was considerably smaller..While this
aligns with past findings that math anxiety may have negative relations to math learning
and performance (e.g., Foley et al., 2017; Ma, 1999; Wu et al., 2012), it also reflects the
close association and shared variance with concurrent math performance and highlights
the importance of considering students’ prior knowledge when examining the influences
of math anxiety and hint usage on later performance. For example, it is plausible that stu-
dents who have higher anxiety may be more likely to avoid math and therefore may not
actively engage in the practice and problem solving. In a recent study, when students were
asked to make decisions on the type of practice problems to engage in, the students with
higher math anxiety chose easier problems that would be less likely to challenge them and
increase their learning (Choe et al., 2019). Past research has also shown difficulty in teas-
ing apart the phenomena of math anxiety from test anxiety. The anxiety of being assessed
in math may not allow students to successfully demonstrate their knowledge (Kazelskis
et al., 2000).

Limitations and future directions

To our knowledge this is one of the first studies that examines differences in pathways
between hint usage and math anxiety in different types of instructional platforms. How-
ever, there are several important limitations that need to be considered. First, the sample
consists of a high number of high performing students that are not representative of the
United States a whole. In addition, we did see that some of the students who attrited
were lower performing than those who stayed in the study. However, prior work has
shown that there was no ceiling effect in the current sample and that both high and low
performing students displayed learning gains using both of the two educational technolo-
gies (Chan et al., 2021). It may be beneficial for future research to stratify students based
on performance level to further explore the association between prior knowledge and
hint usage in these two educational technologies. Second, the math knowledge assess-
ment consisted of only six items targeting students’ understanding of equivalence, and
did not comprehensively capture students’ algebraic understanding (Kaput, 2008).
However, equivalence is an important foundation and a strong proxy of students’ alge-
braic understanding (Knuth et al., 2006). Future studies would benefit from examining
the influences of math anxiety and hint usage on the broader algebraic knowledge as
well as other topics of mathematics. Next, while we did find a significant effect of hint
usage on posttest math equivalence performance in the problem set condition, additional
assessments of both knowledge and hint usage at multiple time points would strengthen
and extend the findings. Given students excluded for various reasons also had higher
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pretest anxiety levels, it is possible that the effect of anxiety on hint usage may be trun-
cated; nevertheless, the significant correlation between pretest anxiety and posttest math
equivalence performance suggests there is a meaningful and statistically useful degree of
variability in the pretest anxiety scores in the final sample. Finally, only one conceptual
model was considered in the present study; analyzing additional models may reveal other
key variables. Despite these limitations, we believe that this study sheds light on the
ways in which the fundamental design and affordances of educational technologies, such
as the role of hint usage and feedback, influence learning. More experimental research
is needed in order to understand the mechanisms and roles of hints (e.g., the number of
hints given, correctness-focused hints vs process-based hints, consequences of request-
ing hints, etc.) on student performance.

Implications for instructional practice and technology design

Overall, this study demonstrates that there is a need for a better understanding of the role
of hints in educational technologies and can inform the design of educational technologies
that simultaneously promote math performance and productive help seeking behaviors in
middle school students. Considering that we found no significant influence of math anxi-
ety on hints and only a small effect of anxiety on math equivalence posttest equivalence
performance in either technology condition, it is possible that the use of educational tech-
nologies—especially those with supportive hints and immediate feedback during prob-
lem practices—may ameliorate the previously found negative effects of math anxiety on
performance. However, the different results on hint-usage and post-test scores between
conditions provides implications about the specific design of hints within educational
technologies. Designing hints to encourage exploration without being punitive may bet-
ter support learning and prompt exploration of different problem-solving strategies regard-
less of their knowledge level. Correctness-based feedback or penalizing students for ask-
ing for help may not achieve the desired goals for providing students with the necessary
supportive encouragement to scaffold learning. The design choices of how help and hints
are presented in instruction and online educational technologies can differentially influ-
ence students’ math behaviors and may encourage different approaches, leading to differ-
ent pathways of learning. Teachers and instructional materials could provide students with
more low-risk opportunities to ask for help and practice and display their knowledge in dif-
ferent ways, encouraging more productive help-seeking behaviors. These findings prompt
thinking about how the fundamental design and affordances of educational technologies,
such as the role of hint usage and feedback, influence learning. Further research is needed
to examine how contexts of hints, such as the consequences of requesting hints, influence
students’ performance.
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Appendix

Students’ demographic information by condition, and their pretest scores.

All FH2T Problem set
(N=466) (n=225) (n=241)
n % n % n %
Gender
Male 255 54.7 125 55.6 130 53.9
Female 211 45.3 100 44.4 111 46.1
Race
White 159 34.1 80 35.6 79 32.8
Asian 259 55.6 119 529 140 58.1
Hispanic 21 4.5 10 44 11 4.6
African American 10 2.1 6 2.7 4 1.7
Native American 5 1.1 1 0.4 4 1.7
Pacific Islander 1 0.2 1 0.4 0 0.0
Multi-racial 11 2.4 8 3.6 3 1.2
Grade
Sixth 445 95.5 215 95.6 230 95.4
Seventh 21 4.5 10 44 11 4.6
Class
Advanced 392 84.1 190 84.4 202 83.8
On-level 33 7.1 14 6.3 19 7.9
Support 41 8.8 21 9.3 20 8.3
Gifted status
Gifted 243 52.1 118 524 125 51.9
Not gifted 223 479 107 47.6 116 48.1
Pretest math scores (M, SD) 3.82 1.61 3.87 1.59 3.76 1.63
Pretest math anxiety (M, SD) 15.67 8.29 15.80 8.05 15.55 8.53
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