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Abstract

A notably high percentage (33%) of students with mathematics learning difficulties (MLD) has
been reported in Tibet, which can partly be explained by the current state of mathematics teach-
ing. Less known is what kind of errors these students are making in different types of mathemat-
ical tasks. This study investigated the types and frequency of errors made in mathematics tasks by
Tibetan seventh-grade students (n=30) with MLD, as well as whether gender and school type
had any effects on these errors. The novel Mathematics Error Pattern ldentification Test
(MEPIT) was used to identify the following eight different error types: visual-spatial, comprehen-
sion, transformation, relevance, fact, procedural, measurement, and presentation. Students iden-
tified as having MLD completed the MEPIT in two sessions due to its length (64 items).
Regression analysis and t-tests were used. The most frequent error types were fact and compre-
hension errors. Compared to the boys in the study, the girls seemed to be more vulnerable to
fact and relevance errors. The students in the rural school made more comprehension errors
compared to the students in the urban school. Our exploratory study calls for further research
on assessing errors that students with MLD make in mathematical tasks. MEPIT was shown to be
a promising assessment tool for Tibetan teachers to identify errors that students with MLD may
make in mathematics tasks.
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I. Introduction

China seems to have a very good reputation for its mathematics education (OECD, 2012, 2015);
however, there is a considerable achievement gap between Tibetan students and other Chinese stu-
dents in learning mathematics (e.g., Basang & Shi, 2006; Fang et al., 2008; Tibetan Examination
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Yuan, 2015). This is also manifested in a notably high percentage (33%) of students with mathemat-
ics learning difficulties (MLD) in Tibet (Wang, 2008) compared to the prevalence of MLD indicated
in the research literature in general, ranging from 5% to 7% when defined as severe mathematical
learning disability to 20% to 25% when including those with persistent low achievement in mathe-
matics (Geary, 2011; Karagiannakis et al., 2014).

Reasons for the high prevalence rate of MLD in Tibet may be different factors linked to MLD
(e.g., deficits in neurocognitive number processing, poor working memory, or low motivation;
Geary, 2011) but also stemming relatively strongly from the previous and current state of mathemat-
ics education. There was no modern mathematics education in Tibet until 1951, the enrolment rate of
preschool education in Tibet is lower than the average in China, and the majority of Tibetan children
lack academic support from their parents (Basang & Shi, 2006; Fang et al., 2008; Wang, 2008; Wang
& Zhao, 2012). Furthermore, there has been a lack of qualified Tibetan mathematics teachers, as stu-
dents in Tibet have been unwilling to choose to study mathematics in higher education, let alone
becoming mathematics teachers. Trying to address the problem, the Ministry of Education of
China has encouraged mathematics teachers all over the country to support Tibet by working
there. There are thus an increasing number of Han Chinese mathematics teachers in Tibet, currently
more than Tibetan mathematics teachers (MoE, P.R.C., 2015). This movement, often called
“YuanZang” (Supporting Tibet), has already improved the quality of mathematics education in
Tibet. However, it has also faced many barriers to implementation (MoE, P.R.C., 2015; Wang &
Zhao, 2012). The major issue is that Han Chinese teachers often do not have direct learning experi-
ences in Tibet. Differences in language and culture may affect teaching and learning processes, and
thus the instruction given does not necessarily meet the needs of Tibetan students in the most effec-
tive way—for example, providing adequate educational support for the students struggling with
mathematics.

Although China has made educational equity a priority, the rural-urban gap in education quality
remains a serious issue (OECD, 2016). Problems such as poor infrastructure, although improved in
recent years, shortages of qualified teachers, and economic disadvantage in rural areas continue to
cause rural education to lag behind urban education. This is also the present reality in Tibet
(MoE, P.R.C,, 2015; Wang & Zhao, 2012).

In this study, our approach to the dilemma of mathematics difficulties faced in Tibet involved
reviewing the errors that Tibetan students with MLD make in mathematics. To the best of our knowl-
edge, this study is one of the first conducted in Tibet that investigates the error types and frequencies
that students with MLD make in mathematics tasks. The novelty of this study also lies in using a
measure developed for this purpose—the Mathematics Error Pattern Identification Test (MEPIT)
(Rong, 2016). Furthermore, we were interested to discover if there were any differences between
the urban and rural schools and among genders in terms of error types. If mathematics teachers in
Tibet had an appropriate tool for analyzing the errors their students make, they would be able to
use this knowledge to address students’ learning needs more efficiently (Hansen, 2005; McGuire,
2013).

I.1 Types of mathematical errors

Mathematical errors refer to those pervasive errors that students make based on the difficulties they
have experienced when dealing with mathematical problems (Herholdt & Sapire, 2014;
Ketterlin-Geller & Yovanoff, 2009). Various types of mathematical errors have been described in
the research literature depending on the research purposes and theoretical approaches. Based on
the reviewed literature, the following eight error types were identified and used in this study.
Visual-spatial errors refer to the errors made because of poor visual-spatial skills. These errors
occur as difficulties in recognizing numbers, mathematical expressions, quantities, or shapes (e.g.,
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Desoete et al., 2004; Hansen, 2005; Kuo et al., 2001; Raghubar et al., 2009). For example, some stu-
dents may mistake + as X, 3 as 8, 6 as 9, and may use the same number twice in multi-digit compu-
tation tasks; as well, some students cannot correctly read time on a clock.

Comprehension errors often happen in mathematical word problems. Such an error is seen when a
student understands the words but does not understand the overall problem or specific terms within
the problem, when a student has difficulties in grasping the mathematical meaning of a problem, or
when a student is seeking to retrieve mathematical information from graphs, tables, texts, or other
sources (e.g., BOSTES, 2016; Desoete et al., 2004; Hansen, 2005). The following is an example
of such a problem: In the classroom, there are 5 tables with 6 children at each table. How many chil-
dren are there in the classroom? The student is expected to respond that 5 groups of 6 equal 30.
However, if making a comprehension error, the student may draw a picture showing two tables,
with 5 children at one table and 6 children at the other, thus obtaining an answer of 11 (adapted
from BOSTES, 2016).

Transformation errors occur when students understand the meaning of problems but cannot
implement strategies or operations to deal with the problems that could be solved by commonly
used mathematical methods and simple mathematical concepts and procedures (e.g., BOSTES,
2016; Kuo et al., 2001; Wijaya et al., 2014). For example, Tony is thinking of a number. If he
doubles the number and adds 4, he gets 18. What is the number? The student is expected to
answer the number is 7. Making a transformation error, the student nevertheless may calculate
and provide 5 as an answer, for example, indicating that the student has failed to transform mathe-
matical information into the proper calculation process.

Relevance errors take place when students cannot exclude irrelevant information in a task (e.g.,
Desoete et al., 2004; Hansen, 2005). For example, Jack has I brother and 3 sisters. Bill has 2 more
brothers than Jack. How many brothers does Bill have? Here, “3 sisters” is irrelevant information.
For many students with MLD, it is often difficult to exclude irrelevant information (Desoete et al.,
2004). Often, such students will simply add all or some of the numbers in the task together and
thus end up with an incorrect answer.

Fact errors concern retrieving mathematics facts (Mazzocco et al., 2008). Many researchers
strictly define fact errors as computational errors, in which students use the proper operation but
make a mistake in retrieving the correct answer for a simple arithmetic fact from long-term
memory (e.g., Ketterlin-Geller & Yovanoff, 2009; Raghubar et al., 2009). Other studies, especially
those conducted in Asia, suggest a broader spectrum of mathematics facts, which cover not only
number facts but also facts concerning other basic mathematical definitions and concepts, including
the properties of numbers, magnitude of numbers, geometric properties, and notations (e.g., Kuo
et al., 2001; Wang, 2006). In this study, fact errors refer to this broader definition.

Procedural errors refer to mistakes in the process of carrying out algorithmic procedures,
which include incorrect operations, incorrect algorithms, placement errors, incorrect steps, and
missing steps (e.g., Hansen, 2005; Kuo et al., 2001; MoE, Singapore, 2013; Raghubar et al.,
2009). Errors concerning the misuse of arithmetic procedures or a deficit in understanding proce-
dures, such as problems borrowing from zero or subtracting the smaller number from the larger
number instead of borrowing (Raghubar et al., 2009), sequencing digits incorrectly, aligning
parts of an algorithm incorrectly, using steps that are not associated with any operation, and skip-
ping steps that are needed to complete a procedure (BOSTES, 2016) are considered to be proce-
dural errors.

Measurement errors refer to errors in measurement; the errors occur when students have difficul-
ties in remembering relationships between measurement units (e.g., 1 km=1,000 m), choosing
appropriate units of measurement, or using measuring tools (e.g., ruler, protractor). In addition, stu-
dents making measurement errors often omit measurement units in real-life problems (e.g., Hansen,
2005; MoE, Singapore, 2013).
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Presentation errors happen when students have solved a problem but have presented the answer
in a mathematically incorrect manner. Here, students often have difficulties in generating equivalent
representations for a given mathematical entity or relationship, and they make mistakes in creating
equations, inequalities, geometric figures, or diagrams that model the problem in a mathematically
proper form (e.g., BOSTES, 2016; Hansen, 2005; Kuo et al., 2001; MoE, Singapore, 2013). For
example, A class of 30 students is to be divided into 3 equal-sized teams. How many students will

there be in each team? The student might arrive at the answer 10 students but present the answer
10
as 30)3, placing the numbers in the wrong places in a long division algorithm.

[.2 Most common error types among students with MLD

Although there are many studies showing that students with MLD perform significantly weaker com-
pared to their peers in basic mathematical skills (e.g., arithmetic skills, base-10 and place value, word
problems; e.g., Kaufmann et al., 2003; Vanbinst et al., 2014), there are relatively few studies that
have systematically investigated the error types among students with MLD. Research by
Raghubar et al. (2009) showed that among third and fourth graders, the severity of MLD was asso-
ciated with higher rates of fact errors in simple arithmetic. Fact error was also among the most
described errors that were made by students with MLD in the eighth grade (Mazzocco et al., 2008).

Students with MLD are also characterized by making procedural errors (Geary, 2011; Raghubar
et al., 2009). Regarding multi-digit calculations, third and fourth graders with severe MLD have been
found to commit more errors in subtraction tasks but not in addition compared to low-achieving stu-
dents (Raghubar et al., 2009). The same study showed that as the students got older, they made fewer
procedural errors, indicating that students with MDL may have developmental delays in their knowl-
edge and in the implementation of computational procedures.

Visual-spatial skills seem to affect a number of mathematical skills, especially those supporting
number representation (e.g., number inversions and reversal, alignment of column digits) and non-
verbal number processing (e.g., Bull et al., 2008; De Smedt et al., 2009), affecting early mathematics
performance more than later performance (de Weijer-Bergsma et al., 2015). Regarding children with
MLD, Raghubar et al. (2009) found little evidence for third and fourth graders with MLD making
visual-spatial errors in multi-digit calculations.

Many studies have suggested that on average there are no gender differences in mathematics
achievement, although some gender gaps do exist across nations and cultures (Else-Quest et al.,
2010; Hyde & Mertz, 2009; OECD, 2015). Regarding MLD and gender, the prevalence of MLD
seems to be the same for boys and girls (Devine et al., 2013). However, there are currently few
studies further investigating whether there are any gender differences in terms of mathematical
error types made by students with MLD.

|.3 Research questions

This study aimed to analyze the errors made by students with MLD in Tibet, particularly regarding
error types and frequency. Additionally, given that the quality of mathematics instruction may differ
between the rural and urban schools due to the level of mathematics teaching, we were also interested
in focusing on this aspect. Although the prevalence of MLD among boys and girls seems relatively
equal, prior studies have rarely focused in depth on errors students make and if there are differences
based on gender. Therefore, the research questions this study aimed to answer are as follows:

1. What are the types and frequencies of mathematical errors made by the students with MLD?
2. Are there gender and school type (rural vs. urban) differences in error types?
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2. Methods
2.1 Participants

Participants (n = 30) were from two schools in Tibet that volunteered to participate in the study. One
was an urban school located in Lhasa (the capital of the Tibet Autonomous Region) and another was
a rural school in the countryside of Lhasa region. The following criteria were used in the participant
selection process: (1) participants were seventh graders; (2) participants’ mathematics scores from the
previous mathematics examination (Secondary School Entrance Examination, organized by the local
government) were two or more SDs below the average; (3) participants were recognized by their
mathematics teachers as having difficulties in learning mathematics; (4) participants’ Chinese literacy
scores from previous examinations were average or above average; and (5) participants themselves
agreed to take part in this study. Among these, criteria 2 and 3 were used to identify students with
MLD, which consisted of formal assessment (standardized achievement test) and informal assess-
ment (teacher’s observations). Criterion 4 was used to exclude the influence of reading difficulties.
The participants’ demographic background information is shown in Table 1.

As shown in Table 1, there was a noticeable variation in age among the seventh graders. This was mainly
due to the fact that some participants had repeated 1 or 2 years in primary school because of their difficulties
in learning mathematics. In Tibet, students with learning difficulties are always advised to repeat one or
more years in general education. At the time of the study, there was no special educational support available
(e.g., individualized educational programs, schools specializing in learning disabilities; Ji, 2013). Students
could have private tutors after school, but students’ families were responsible for paying for this. There were
more girls (n = 20) than boys (» = 10) identified with MLD in the present study. This contradicted previous
research findings that there are equal numbers of boys and girls with MLD (e.g., Devine et al., 2013);
however, this difference could be explained by the relatively small sample size in the study.

2.2 Measure

The MEPIT was used in this study (Rong, 2016). MEPIT was developed to identify eight types of
mathematical errors: visual-spatial, comprehension, transformation, relevance, fact, procedural, mea-
surement, and presentation. There are a total of 64 items in MEPIT, measuring a variety of mathemat-
ics areas (e.g., addition, subtraction, multiplication, and division; decimals; fractions; measurement;

Table I. The demographic background information of participants

Variable n (%)
Age in years
I I (3.33%)
12 3 (10.00%)
13 14 (46.67%)
14 10 (33.33%)
I5 2 (6.67%)
M=13.30 (SD=0.88)
Gender
Girl 20 (66.67%)
Boy 10 (33.33%)
Ethnicity
Tibetan 29 (96.67%)
Han Chinese I (3.33%)
School type
Urban I5 (50.00%)

Rural 15 (50.00%)




6 Error analysis of students with mathematics learning difficulties in Tibet

geometry). Due to its length, the test is divided into two parts, Part I and Part II, with items in both
parts (n=32) at the same level of difficulty and measuring the same types of mathematics errors.
MEPIT was developed based on a combination of items taken from the Mathematical Basic
Ability Diagnostic Test (MBADT; Kuo et al., 2001; »=20), TIMSS Mathematics—Fourth Grade
(IEA, 2015; n=6), and from the study by Desoete et al. (2004; n=3). In addition, three items
were developed by the first author of this paper. The MBADT served as the starting point for the
MEPIT, and to cover different mathematical skills and identify eight possible error types, 12 more
items were added. Most of the items included in the MEPIT were already proven to work in previous
studies. Most of the tasks in the MEPIT were identical to their original source, and others were revised
to better fit the cultural and age context (e.g., adjusting expressions in the questions to fit into the
Tibetan context, changing some numbers in the tasks). An overview of the question types, their
origin, and most possible error types are provided in the Appendix (Supplementary Table A1), and
the descriptions of each error type are given in Supplementary Table A2.

Concerning criterion validity, the correlation between the score of the Secondary School Entrance
Examination (M = 63.13, SD = 13.78, with a maximum total score of 100 points) and the score of the
MEPIT (M=52.70, SD = 6.38, with a maximum total score of 64 points) was »=0.48 (p<.01). The
correlation coefficient () between the scores of Parts I and II was 0.73 (p <.01). Applying the sta-
tistics of split-half reliability and coefficient alpha to the score of the MEPIT, the results suggested
a strong internal consistency reliability (split-half coefficient = 0.84, Cronbach’s a = 0.84).

2.3 Procedure

Testing was conducted in September 2016. Participants were given a 1-week interval between taking
Part I and Part IT of the MEPIT test. In each school, participants were gathered together and instructed
by the researcher (first author) before taking the test. The crucial point was to instruct participants to
write all their calculation procedures on the test papers, as all the details of their responses were
essential to the error analysis. An experienced mathematics teacher invigilated the testing. Each
testing session lasted approximately 40 min. Participants took the test during their self-study time
(i.e., seventh graders in Tibet have 40 min of self-study time every day, during which there are no
formal teaching activities) in a quiet classroom.

2.4 Data analysis

The data collected between Part I and Part II of the test were scored and coded separately; next, they were
combined together to become the result of the MEPIT and recorded into an Excel document. For descrip-
tive statistics where appropriate to look at frequencies of error types. Quantitative data were then run by
SPSS (IBM SPSS Statistics 19) for inferential statistics. Pearson’s  correlation coefficient and multiple
linear regression analyses were conducted to investigate the relations between the error types and their
association to the total score of the MEPIT, respectively. The #test was used to compare the error
types, first by gender and then by school types (i.e., urban vs. rural). Due to the small sample size, non-
parametric analyses (the Mann—Whitney U-test) were also conducted, and the results were reported if dif-
ferent from the parametric analyses. Effect sizes were calculated as Cohen’s d.

3. Results
3.1 Frequencies of error types

Error frequencies of participants are shown in Table 2. To gain a total view of error distributions, the
sum of all error types identified in the MEPIT test was calculated. Among the eight error types, fact
errors constituted the largest proportion, while relevance errors constituted the least. Nonetheless,
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Table 2. Frequencies of error types

Sum of No. of R frequency of Total No. of  Frequency of % of
Error type errors errors (%) errors participants participants
Visual-spatial 32 5 0 8 26.67
| 16 53.33
2 4 13.33
>2 2 6.67
Comprehension 72 24 0 3 10
| 6 20
2 7 23.33
>2 14 46.67
Transformation 52 17 0 2 6.67
| I5 50
2 6 20
>2 7 23.33
Relevance I 4 0 19 63.33
| I 36.67
2 0 0
>2 0 0
Fact 79 15 0 4 13.33
| 4 13.33
2 I 36.67
>2 I 36.67
Procedural 54 15 0 5 16.67
| 9 30
2 7 23.33
>2 9 30
Measurement 54 16 0 4 13.33
| 13 43.33
2 5 16.67
>2 8 26.67
Presentation 40 8 0 6 20
| 10 33.33
2 12 40
>2 2 6.67

Z amount of identified error type X

Note: Relative Frequency of error type X x100%.

- Z amount of all possible error type X

since these error types were not distributed equally in the MEPIT, one specific error type occupying a
higher proportion might have been caused by the higher number of test items with the potential to
identify this error. This also resulted in the major deficiency of sum numbers. To reduce this bias,
relative frequency of error types was calculated. Now, comprehension error occupied the largest pro-
portion, and relevance error occupied the least. Students basically committed the same number of
transformation errors, measurement errors, fact errors, and procedural errors. From another perspec-
tive, there was a variation of error frequency with many students making no errors, or many making
one to two errors of a particular error type. This differentiation is also reflected in Table 2, as eval-
uated in four groups involving no error, one error, two errors, and more than two errors.

3.2 Relations between error types

The eight error types were investigated in two aspects: relationships within the eight error types and
relationships between the eight error types and the total score of the MEPIT. The Pearson’s r
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correlation coefficient test showed that fact errors were strongly related to visual-spatial errors (r=
0.61, p<.01) and to transformation errors (»=0.52, p<.01). Most of the associations between the
error types were weak or moderate, suggesting that the error types were quite independent of each
other (Table 3).

Multiple linear regression was used to examine relationships between the eight error types and the
total score of the MEPIT. As shown in Table 4, the results suggest that the eight error types were
particularly good at predicting the score of the MEPIT (R*=0.911, adjusted R*>=0.877, strong
fit). All the relationships were negative. This is not a surprise because it is reasonable to assume
that if students make more errors, they would receive lower scores. Fact errors had the strongest
effect on the total scores of the MEPIT (8 =—-0.42), followed by measurement errors (f=—-0.31),
procedural errors (#=—0.29), and comprehension errors (8= —0.26).

3.3 Gender differences

The overall performance of girls (M= 50.45, SD = 6.60) in the MEPIT was weaker than that of boys,
M=57.20,SD=2.35,t(28)=-3.16, p<.05. According to mean values, girls seemed to make more
errors compared to boys among all types of errors, excluding presentation errors. The SDs of girls
were higher than those of boys (except measurement errors), which indicated that errors made by
girls were more dispersed than those made by boys (Table 5). Results of #-test showed a statistically
significant difference between girls and boys in terms of fact errors, ¢ (28)=2.27, p<.05, d=1.08,
and relevance errors, ¢ (28) =3.38, p <.05, d=2.16. Differences between girls and boys concerning
other types of errors were not statistically significant.

3.4 School type differences

The overall performance of students in the rural school (M =49.80, SD=7.12) in the MEPIT was
weaker than that of students in the urban school, M=155.60, SD=3.94, ¢ (28)=2.76, p<.05. On
average, students from the rural school made more errors than those from the urban school, and
their errors were more dispersed (Table 6). However, the only statistically significant difference in
error types was found for comprehension errors, ¢ (28) =—2.36, p<.05, d=0.88.

4. Discussion

For many decades several researchers and (special) educational practitioners have emphasized the
importance of describing and investigating errors manifested in students’ mathematics work (e.g.,
Hansen, 2005; Herholdt & Sapire, 2014; Raghubar et al., 2009). However, little research has been

Table 3. Correlations between eight error types

Error type | 2 3 4 5 6 7

I. Visual-spatial

2. Comprehension 0.36

3. Transformation 0.26 0.28

4. Relevance 0.29 0.26 0.28

5. Fact 6% 0.29 52k 0.35

6. Procedural 0.33 0.15 -0.29 0.28 0.31

7. Measurement 0.21 0.01 0.01 0.15 0.35 0.19

8. Presentation 0.0l 0.21 0.24 0.27 0.20 0.06 -0.10

Note: n=30, ¥ p<.0l.
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Table 4. Relationships between eight error types and score of MEPIT using multiple linear regression

Error type B B t p Tolerance
Visual-spatial 0.22 0.04 0.41 .67 0.55
Comprehension —I1.12 —0.26 -3.59 .00 0.79
Transformation -0.61 -0.12 —1.17 25 0.42
Relevance —1.70 —0.13 -1.72 .10 0.74
Fact —1.20 -0.42 -3.77 .00 0.34
Procedural —1.40 -0.29 -3.27 .00 0.54
Measurement —1.33 -0.31 —4.26 .00 0.80
Presentation —0.85 —0.12 —1.65 Nl 0.83

Table 5. Gender differences in eight error types

Girl Boy T-test Effect size

Error type M SD M SD t p d
Visual-spatial 1.30 1.17 0.60 0.52 1.79 .09 0.83
Comprehension 2.60 1.54 2.00 1.41 1.03 3l 0.41
Transformation 1.95 1.36 1.30 0.82 1.39 .18 0.60
Relevance 0.55 0.51 0 0 3.38 .00 2.16

Fact 3.25 247 1.40 0.97 2.27 .03 1.08
Procedural 2.10 1.29 1.20 1.23 1.83 .08 0.71
Measurement 2.10 1.45 1.20 1.48 1.60 12 0.61
Presentation 1.25 091 1.50 0.85 -0.72 48 -0.28

Note: N=30 (20 girls, 10 boys).

conducted in Tibet concerning students with MLD, and more specifically, investigating the errors
they make in solving mathematical tasks. Error analysis is generally regarded as a prerequisite for
better teaching design and to provide educational support for children with MLD (e.g., BOSTES,
2016; Mazzocco et al., 2008; McGuire, 2013). This exploratory study investigated the types of
errors made by students with MLD in mathematical tasks from a Tibetan perspective.

The novel MEPIT test could identify relatively effectively the different mathematical error types.
When looking at the relationships between these eight error types, most associations were weak or
moderate, indicating that the error types were relatively independent from each other. The only
exception was the category of fact errors, which had strong correlations with visual-spatial errors
and transformation errors. It thus seems likely that fact errors, defined as outlined in this study,
partly overlap with visual-spatial and transformation errors. It would be of interest to use a stricter
definition of fact errors in future studies (i.e., concerning only errors made in fact retrieval),
instead of a wider definition as in this study, to see if fact errors would then be an even more inde-
pendent error type.

Fact errors were shown to be the most common error type when reported as the sum score. This is
in line with previous international findings reporting that children with MLD often commit fact errors
as a result of fact retrieval deficits (e.g., Geary et al., 2012; Mazzocco et al., 2008; Raghubar et al.,
2009). The next frequently shown error type was comprehension errors. However, when looking at
the relative frequency, this type turned out to be the most common error type. Comprehension skills
are vital to solve mathematics problems, and previous research has also found that students with
MLD often lack skills regarding mathematics (e.g., Desoete et al., 2004; Hansen, 2005). Basang
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Table 6. Differences between school types in eight error types

Urban Rural T-test Effect size

Error type M sD M sD t p d
Visual-spatial 1.07 1.22 1.07 0.88 0 1.00 0.00
Comprehension 1.80 1.61 3.00 1.13 -2.36 .03 —0.88
Transformation 1.53 0.92 1.93 1.49 —-0.89 .38 -0.33
Relevance 0.27 0.46 0.47 0.52 —1.12 27 -0.41
Fact 227 |.44 3.00 2.85 —-0.89 .38 —-0.34
Procedural 1.67 1.23 1.93 1.44 —-0.55 .59 -0.19
Measurement 1.33 I.11 227 1.71 -1.77 .09 —0.67
Presentation 1.13 0.92 1.53 0.83 —1.25 22 —0.46

Note: n=30 (15 students in urban and 15 in rural schools).

and Shi (2006) have claimed that language barriers faced by Han Chinese teachers and Tibetan stu-
dents could lead to difficulties in understanding mathematical concepts, rules, terms, and gaining
mathematical meaning from word problems. The existence of Tibetan—Chinese—Mathematical
Language interpretation chain produces dual obstacles, possibly also affecting comprehension
errors to occur among students with MLD in Tibet. In addition, problems in fact retrieval and com-
prehension in mathematical word problems can be affected by cognitive deficits in representing and
retrieving information from phonetic and semantic memory (Hanich et al., 2001). Transformation
errors were also reported as one of the most frequent error types in this study. Wijaya et al.
(2014) found that low-performing students tended to make more comprehension and transformation
errors than high-performing students. Transformation errors often occur as a result of poor mental
representation skills. Many mathematics problems require a transformation process to represent
the problem mathematically before putting it into the calculation process (Desoete et al., 2004;
OECD, 2012).

Considering the challenging Tibetan schooling context, for some children, the number of errors
made may reflect inadequate practice opportunities in mathematics. In other words, these students
may not have had enough experience with quality mathematics training in basic skills or early
support with special educational approaches, such as using effective (early) mathematics interven-
tions (Chodura et al., 2015). Grade retention for students with learning difficulties, common in
Tibet at the time of conducting this study, has not been internationally shown to be an effective
way of supporting the learning and development of academic skills compared to some other pedagog-
ical approaches (Jimerson, 2001). Instead, early educational support by means of intensified and
special needs support, such as in the Response to Intervention model (Lembke et al., 2012), might
be more beneficial in the development of mathematical skills, in identifying students in need of edu-
cational support in mathematics, and with targeted support to diminish the prevalence of MLD.

Many studies have provided evidence that, on average, boys and girls differ very little in their
mathematics achievement. However, quite considerable gender gaps do exist across nations and cul-
tures (Else-Quest et al., 2010; Hyde & Mertz, 2009; OECD, 2015). In this study, girls made more
errors and achieved significantly lower scores in the MEPIT than boys. Regarding the gender differ-
ences in error types, girls seemed to be more vulnerable to fact and relevance errors than boys. The
magnitude of gender differences is influenced by the education system, schools, and classrooms
(OECD, 2015), as well as depending on the socio-economic status and welfare of women
(Else-Quest et al., 2010). One explanation for the gender differences found in this study might be
that Tibetan girls often have more responsibilities in household chores, which may reduce their
study time and thus lead to a poorer performance compared to Tibetan boys (Ji, 2013). However,
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as the group sizes were very small, these results require some caution in their interpretation. In terms
of the differences between the school types, the MEPIT scores of students from the rural school were
significantly lower than those from the urban school. In terms of error types, rural school children
tended to make more comprehension errors than urban school children. The villages in Tibet are
often scattered far away from cities and more confined to their own cultures. Students there are
thus less exposed to the Chinese language and receive less literacy experiences than children in
urban areas. The “YudnZang” movement has improved the quality of education in Tibet.
However, because most teachers are pooled into big cities, mathematics education in rural areas is
still in a disadvantageous state (Fang et al., 2008; Ji, 2013).

Students learn from their errors. The practical implementation and value of this study would be to
support teachers to make sense of errors that students may make and use the information to plan
instruction accordingly. The novel MEPIT test provided for the Tibetan mathematics teachers
would be the first step toward this. MEPIT might serve as a screener to identify possible errors
and misconceptions the students make. In addition, for those who are identified as making the
most errors, individually administered mathematical tasks (e.g., allowing students also to think
aloud, thus explaining their mathematical thinking) could complement these findings.

4.| Limitations

The limitations of this study mainly concern the small sample size and measures used. Although the
sample was unique, as not much research about MLD has been conducted in Tibet, a larger group of
participants, both from urban and rural areas, would have increased the generalizability of the results.
Using the novel MEPIT test, our study can therefore be considered as exploratory in nature. Inclusion
of students with MLD often results in the sample size being rather low. The stricter the criteria used
for the identification of MLD, the more challenging it is to get a large enough sample size. In addi-
tion, of interest for future studies would be including a group of average-performing students in math-
ematics to compare the error types between them and the students with MLD. Furthermore, with a
bigger sample, it might be possible to investigate what kind of effects the mathematics teachers
(e.g., including their teacher training and experience in mathematics) have on the frequency of dif-
ferent error types—for example, if the students in the same classroom make more similar errors com-
pared to another classroom of students. Longitudinal studies would reveal if and when certain error
types emerge, and further, what type is the most frequent at different grades.

This study included only the measure of the MEPIT for investigating errors in mathematical tasks.
Our categorization of errors in the MEPIT was based on prior research, but there is always the pos-
sibility that we have overlooked some error types that would have been revealed in some tasks. In
future studies, students with MLD could also be interviewed to determine errors in solving mathe-
matics problems. These interviews might give more information about the processes, which take
place while the student is solving the problem, for example by asking the student to explain
“How did you solve this problem?” As different cognitive (e.g., executive functions) and language
(e.g., reading comprehension) skills are often associated with mathematics performance, it would be
of interest to add these measures as covariates in the future studies to find their role regarding differ-
ent error types.

5. Conclusion

This study is one of the first conducted in Tibet investigating errors made by students with MLD in
mathematical tasks. Identifying the error types made by these students could inform teachers in mod-
ifying their instruction to better meet the learning needs of their students. We found that the seventh-
grade students with MLD most often made fact errors and comprehension errors. Girls were more
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likely to make mathematical errors compared to boys, especially fact and relevance errors. Regarding
the school types, the students in the rural school made more comprehension errors. As our sample
size was rather low, mainly due to the strict cut-off criteria set for the MLD, the results must be inter-
preted with caution. However, this exploratory study may show a way forward in investigating error
types in mathematics. The novel measure, the MEPIT, could serve as a screening tool for both the
researchers and the Tibetan teachers in identifying the errors students make in their mathematical
tasks.
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