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Abstract— We conducted an experiment with Chinese schoolchildren being taught symbolic reasoning and solving equations of the
form 2y + 3 =7, using a Hanson Einstein robot together with video instruction. The children were unfamiliar to solving equations like
these (baseline 0) and after robot tutoring, they were tested for learning outcomes, while they rated their appreciation of the robot.
We found a crossover interaction effect of boys learning more from video and girls more from the robot. The effect was catalytic in
that only the combination of factors worked (no main effects). Results are discussed in view of gender-specific technology application.

I. INTRODUCTION

The gap between urban and rural development in China is reflected not only in industrialization but in educational resources as
well. In first-tier cities, primary schools have a better student-staff ratio, subject-dedicated teachers, and they are equipped with
high-quality technology. In rural areas, with fewer staff and little technology available, primary school teachers have to teach
multiple topics. The most advanced teaching technology would be to watch a video instruction. With a shortage of funds, methods
are rather simple, which may put rural children at a disadvantage in terms of learning effect and motivation.

Therefore, it would be of great help if in China’s rural areas, simple and low-cost social robots could assist teachers in their
tasks. If robots do maintenance rehearsal of, for example, the times tables [1], teachers may dedicate their time to creating new
content materials or to support pupils that need special attention.

A physically embodied agent such as a robot supposedly receives more attention than an on-screen avatar [2]. Moreover,
simple behaviors that are robust and flexible would produce better results than complex behaviors [2]. In general, children have a
positive attitude towards robots as a teacher with great interest for the robot's performance [3].

The literature commonly reports beneficial effects of social robots on learning and motivation (e.g., [4][5]), while executing
repetitive tasks of content matter already known (e.g., [1]). However, we pushed the envelope by letting our Hanson Einstein
machine teach new mathematical contents in the hope that robots may mean more to teachers than just being a minion.

In view of the results of previous studies, we formulated two hypotheses: Our first hypothesis is that a robot teaching new
contents increases the learning outcomes as compared to baseline (H1). While being instructed through video, the addition of a
robot will motivate children more than video alone (H2).

To test our assumptions, we devised a lesson that concerned solving mathematical equations and symbolic reasoning for two
primary schools in NanXing and BoMei. The childrens’ tutor was no one less than Professor Einstein in the form of a simple
toy-like social robot.

II. METHOD

A. Participants, Design, and Measurement

Participants were fourth grade pupils of two rural primary schools (N = 76, NanXing: n = 34, boys: n = 41). For each school,
the children were equally divided into an experimental and control group, with an about equal number of boys and girls, and an
about equal division of math skills as indicated by their teachers. These children were unfamiliar with robots. While sitting in half
a circle, the experimental group received an 8-minute Chinese spoken video instruction supported by a robot. The topic was
symbolic reasoning and solving equations. The control group did the same but received video instruction without robot support.

Solving simple equations is taught in the first semester of fifth grade. This way, we were certain that children had a baseline
knowledge of zero, as confirmed by their teachers. Measurements were fourth-fold: On the first answering sheet, children
indicated their appreciation of the video on a 6-point rating scale, using smiles with Chinese labels (& = not happy, © = very
happy). The experimental group did the same for the video and separately for the robot. On the next sheet, children translated two
pictorial items into symbolic representations (Section B: ‘apples in a bag’). Then they solved six equations with one variable
unknown (e.g., 2 =2y + 3).
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B. Materials and procedure

Hanson’s Professor Einstein is a 15-inch robot that has an offline, online, and mobile mode (Figure 1).! During the
experiment, the robot was in mobile mode connected to a laptop (Intel-i5) playing the animations. Another laptop (Intel-i7)
projected the instructions on a whiteboard next to the robot while playing the sound to a speaker behind the robot. The projection’s
diagonal was 36.1 inch. Einstein spoke in Putonghua with the voice of an older adult at a speed just below average for good
understanding. Set-up for the group without robot was the same with sound coming from the speaker and the video running on an

Intel-i3 laptop.
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Figure 1. Professor Einstein
The test materials consisted of two items on symbolic representation. They showed a number of apples and bags and asked the

children to translate the picture into formal symbols. The correct answer to the example in Figure 2 would be 4 + 2y. The other six
questions consisted of simple equations (e.g., 3y =9). Figure 3 depicts the single-item rating scale for appreciation of video and

robot.
y'
I i

Figure 2. Represent the picture with formal symbols
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Figure 3. Appreciation rating scale

Children were gathered in their classroom and were informed that they would receive video instruction. They were not
informed about the presence of a robot. Then half the children were brought to the room with the robot while the control group
was waiting (NanXing, serial sampling) or the control group was brought to another room for video instruction alone (BoMei,
parallel sampling). Experimenters made sure that children in NanXing could not talk to each other in between sessions. For a
detailed account of set-up, room layout, and timing, consult [6]. After measurement was completed, children of control and
experimental groups were allowed to interact with the robot, eat a snack, and have fun.

III. RESULTS

To test our hypotheses (H1 and H2), we ran a number of tests and variants of tests, the details of which are in [6]. Here, we
present the most relevant findings and considerations.

HI stated that children would learn new content matter from robot instruction compared to baseline, which in our case was
zero. We had two dependent measures to test this assumption: the percentage of correctly solved equations (%C) and number of
correct symbolic representations (#SR).

! https://professoreinstein.com/



For %C, we conducted two one-sample t-tests with test value 0. With the robot, 736 = 10.33, p <.0001. Without the robot
(video alone), #37y=11.41, p <.0001. Children learned new math in both conditions.

To compare video-with-robot to video-alone instruction, we ran a 2 (School: NanXing-BoMei) by 2 (Robot: yes-no) by 2
(Gender: male-female) between-subjects ANOVA (GLM Univariate) on %C. We used the data of those children who missed no
more than one equation. That means that three children were dismissed from analysis because they skipped two or more equations,
which left us with N =73. Figure 4 shows the means and SDs.
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Figure 4. Mean percentage of correctly solved equations and standard deviations (N = 73)

The higher-order interaction of School*Robot*Gender was significant (F(165) = 10.14, p = .002, 1,° = .14). This effect was
supported by the significant interaction between Robot and Gender (F1¢s) = 9.28, p = .003, 1, = .13). It was not supported,
however, by the interaction between School and Robot, which was a trend (F1 65y = 3.75, p = .057, 1,> = .06) of which none of the
underlying effects were significant, according to unique sums of squares. None of the other interactions and main effects were
significant either.

Because the non-theoretical factor School was merely effective in interaction with Robot and Gender but was unsupported by
School*Robot, School*Gender, nor by the main effect of School, we focused on the significant interaction between Robot and
Gender for further analysis.

To evaluate simple effects (contrasts), we used the unique sums of squares procedure in MANOVA [7]. We preferred this
approach because individual t-tests use but half the participants to estimate the error term while significance relies on merely half
the df. To gain more power, using within-cell variability for all cases led to smaller and more reliable error terms [8].

Simple-effects analysis in the significant interaction between Robot and Gender, then, showed (Figure 4) that with a robot,
boys (Mmale = 52%, SD = 37.3%) performed significantly poorer than girls whereas girls benefitted from the robot (Mfemaie = 71%,
SD =26.2%) (F(1,69) = 2.89 (or t = -1.70), p = .094) when tested one-sided against & = .10. If tested two-sided, this would be a
trend. Without a robot, boys (Mmaie = 70%, SD = 25.1%) correctly solved significantly more equations than girls (Mfemae = 51%,
SD = 38.4%) (Fae9 = 3.13 (or t = 1.77), p = .081) when tested one-sided but this should be regarded a trend when tested
two-sided.

We tested H1 also with the number of correct symbolic representations (#SR). Because #SR was an ordinal measure (0, 1, 2
items correctly represented), we calculated X2, which for the condition with vs without the robot remained insignificant (p > .40).
For the two Schools, however, X2y = 13.1, p = .0014, indicating that BoMei (11.1% #SR = 0, 12.5% #SR = 1, 33.3% #SR = 2)
was significantly better than NanXing (25% #SR =0, 1.4% #SR = 1, 16.7% #SR = 2). For Gender, no significant distributions
occurred (p > .50).

H2 expected that children learning math with a robot would be more motivated than children with video alone. Therefore, all
children scored their Appreciation for the video (App-v, n =75 (1 missing)) and those in the experimental group for the robot as
well (App-r, n =37).

We ran a 2 (School: NanXing-BoMei) by 2 (Robot: yes-no) by 2 (Gender: male-female) between-subjects ANOVA on App-v.
No effects were significant except for the interaction between School and Gender (F(174y=4.23, p =.044). This result depended on
girls of NanXing having more appreciation of the video than the BoMei girls (#32=2.21, p = .03). For the robot group, we ran a 2
(School: NanXing-BoMei) by 2 (Gender: male-female) between-subjects ANOVA on App-r but none of the effects were



significant. Then we performed multiple linear regression on %C with App-v and App-r as the predictors but for the whole model,
F<1.

IV. CONCLUSION

Based on the literature, H1 predicted that children would learn from robot instruction and as we daringly added, also when it
concerns new mathematical content. And indeed they did: One-sample t-test with zero knowledge as the baseline confirmed that
children could positively solve equations based on robot instruction, confirming H1. However, they also could do that based on
video instruction alone. This does not disconfirm H1 but urges to reconsider its exclusiveness.

Regarding H1, we also found a significant crossover interaction effect that particularly girls benefitted from the robot whereas
boys benefitted from the video without the robot. The related main effects remained absent, indicating that it is the combination of
girls-with-robots and boys-with-videos that renders positive results. This is called a catalytic effect. Thus, the girls, not the boys,
supported H1.

With respect to symbolic representation, one school performed significantly better than the other did, which is theoretically
inconsequential.

H2 predicted that children would be more motivated to work with the robot than with a mere video but this was not confirmed
by our (way of) measurement. The only significant effect was the interaction between School and Gender on appreciation for the
video, which again is theoretically of little interest.

V. DISCUSSION

From our results, robots have no exclusive rights to be more motivational or able to teach than plain video instruction does — if
teachers do not differentiate according to gender. Both robots and videos provide learning gains. After all, Figure 4 shows that
irrespective of medium, children on average could solve 50% of the novel mathematical equations correctly as confirmed by
one-sample t. The upshot is, however, that a surplus in learning gain can be obtained if the robots are teaching the girls and videos
the boys. If gender is not taken into consideration, the smaller learning effects of robots for boys cancel out the higher effects for
girls and with videos vice versa.

That girls learned more from robots than boys is in line with [9], who found that boys barely improved in learning prime
numbers as compared to girls. However, that study had no video-alone condition, as in our study, in which boys did improve
significantly. Overall, boys find computers, as in our video-alone condition, significantly more positive than girls [10]. They
perceived computers as being more “enjoyable,” “special,” “important,” “friendly,” and “cheaper” than girls [10]. Yet, our
appreciation measure did not reveal any significant differences between robot and video-alone conditions in interaction with
gender (which may be a flaw of the measure).

With [11] we wonder whether girls view robots differently than boys. In that study, conceptual differences were that males
tended to think of a robot as more human-like, whereas females saw the robot as more machine-like, exhibiting less socially
desirable responses to the robot. Perhaps the boys were more distracted by the robot ‘as a human’ than the girls were.

In general, gender typicality of HRI tasks substantially influences HRI as well as humans’ perceptions and acceptance of a
robot [12]. In [13], for instance, participants tended to rate the robot of the opposite sex as more credible, trustworthy, and
engaging. Perhaps this explained the performance of the girls as related to our robot, which represented a male scientist.
Contrariwise, impression formation of a same-gender robot was found more positive when genders matched, exerting more
psychological closeness to the same-gender robot [14].

Perhaps we should look better into our statistics and interpretation of results. One could object that perhaps we tested too
leniently. After all, the p-values of the t-tests that sustained the crossover interaction were in the range between .05 and .10, which
for hard-nosed frequentists is beyond the cut-off point. Yet, testing against .10 or .05 depends on one’s perspective. If one follows
the line that from the beginning, the prediction was in favor of the robot, then the test is one-sided: o= .10. However, because this
merely counted for girls, which was not predicted, one could argue that a two-sided test is required for the boys: « = .05. One
could counter that we should apply Bonferroni correction, rendering effects insignificant again. On the contrary, intra-individual
variability of data obtained from young children is notoriously high [15] so that one may argue that a 10% rejection area is strict
enough already.

All statistical intricacies and possible explanations aside, there is a strong overall trend for girls to benefit from support by a
simple robot whereas for boys, video alone works better. That may be hopeful news for Chinese teachers in rural areas with little
time and little budget on their hands to increase their pupils’ performance and who would want to relax some of the stress they are
in. For them, we added an extended abstract of this paper in English and Chinese in the Appendix. For us, extra data sampling is
required to make our promising results come out just a little better.



APPENDIX

We conducted experiments on robotics among a total of 76 students in two rural schools in China. The content of the teaching
included symbolic representation and simple equations. The students were equally divided into a group with robot (VyesR) and
a group without robot (VnoR) with an about equal number of boys and girls and an about equal division of math skills as
indicated by their teachers. The only difference between the two groups was whether they had a robot standing next to the
instructional video, while it performed some simple animations. Students from fourth grade have little to no knowledge of
simple equations (baseline 0). They watched the 8-minute instructional video (with or without robot), rated robot and video, and
completed two items on symbolic representations and six simple equations (e.g., 3y = 9). On average, students achieved over
50% gain from baseline zero in solving equations in which boys in VnoR gained 18% more than those in VyesR (70% and 52%
respectively), whereas girls in VyesR gained 20% more than those in VnoR (71% and 51% respectively). Students learned from
both video and robot but girls benefitted more from robot teaching, whereas boys benefitted more from the video. Gender
differences should be taken into account in the implementation of robot teaching.

We also analyzed whether the robot improved the students’ motivation to learn. However, Analysis of Variance (ANOVA)
nor linear regression found significant effects of motivation on learning. We end the paper by discussing how the different
attitudes of boys and girls towards robots affect their respective learning outcomes.
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