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The Effects of Proof Features and Question
Probing on Understanding Geometry Proof
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Abstract

This study aims to investigate how the written formats, complexity of proofs
and the types of understanding questions affect students’ understanding of geometry
proof. Theoretically, Duval’s three levels of organizing statements - micro, local and
global, are applied to assess 153 ninth graders’ understanding of geometry proof. The
results show (a) there was no interaction among written formats, complexity of
proofs, and types of understanding questions in terms of students” understanding of
geometry proof; (b) local understanding is the easiest for students; (c) the effects of

the complexity of proofs on local and global understanding were statistically
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significant. It is noted that the generalizability of the results is limited by the task of
proof texts without their corresponding propositions. The factor mixing proof steps
and familiarity of propositions should be taken into account while arranging learning

sequence of reading proofs. Afterward, further research 1s proposed in this paper.
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Mathematics Proof for All with the Perspective of Reading
Comprehension

Learning to read and read to learn 1s necessary competency for modem citizens.
Progressive knowledge is continuously and abundantly created and received with
different media. Accordingly, reading is not only recognition of words and recall of
their meaning, but also an active and constructive process between readers, media
and contents. In the learning of mathematics, the role of reading had been expanded
m the classrooms via exploratory studies and action rescarch (e.g. Borasi & Siegel,
2000). Borasi and Siegel noticed that most of the existing literature about reading
mathematics mainly focused on mathematics as a body of facts and techniques, and
might fail to employ reading to support students’ learning in mathematics classes.
Although they argued that reading is beyond a set of skills for extracting
mformation, “reading to comprehend” can not be prevented from being identified as
a major way used to leamn mathematics in classes. Extracting information to
comprehend texts is necessary for both learmning to read and reading to learn.

To study the learning of mathematics proof, some researchers have explored
students” proof schemes (Harel & Sowder, 1998; Housman & Porter, 2003) or
surveyed students’ understanding of proofs (Healy & Hoyles, 2000). They found
even high-attainers in mathematics embrace informal or non-scientific conceptions
of proofs. In particular, Tall (1998) had argue that mathematical proof is for some not
for all. However, we search for a broader view of leaming proofs to help students
engage in mathematics proofs, and to leave no child behind. Yang and Lin (2008)

provided evidence to support that approaching geometry proof from reading or
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connecting reading and writing may be better than from writing.

Students” goals of learning proofs in classroom might be different from
mathematicians’ goals of constructing proofs (Yang, Lin, & Wu, 2008). Mathemati-
cians take proofs as both a tool and a product for creating new knowledge. On the
contrary, most students may have difficulties in constructing formal proofs even after
conjecturing by their reasoning. However, validating formal proofs have the poten-
tial contributions to their learning of mathematics proofs (Selden & Selden, 2003).
While taking a perspective of reading literacy for learning proofs, Yang and Lin
(2008) investigated a model of Reading Comprehension of Geometry Proof (RCGP)
to elaborate which facets the text of geometry proof can be comprehended from. Lin
and Yang (2007) further found that logical reasoning and relevant geometric
knowledge accounted for 54% of the variance on RCGP data from the ninth graders

who were going to learn formal geometry proof in school.
Influence of Text Feature on Reading Comprehension

From motivated by the construction-integration model of text comprehension
(Kintsch, 1988), many studies investigated the complex interactions among learner,
task and text factors which may influence different results of comprehension
(Goldman, Varma, & Cote, 1996). Learners’ good prior knowledge does not always
favor good reading comprehension. McNamara, Kintsch, Songer and Kintsch (1996)
found that readers who know little about the text benefit from the coherence of text,
and that a minimally coherent text forces the knowledgeable readers to engage into
inferring unstated relations underlying the text. Therefore, features of texts are

factors which interact with readers’ knowledge of texts.
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Based on the schema-theoretic view, studies in language reading have reported
the effects of familiarity with text content or structure on inference and comprehen-
sion (e.g. Lec, 1986; Ostler & Kaplan, 1982). For example, McGee (1982) found
that the awareness of text structure was correlated with recall of important textual
information. Readers identified main ideas and relations between ideas in well-
presented physical text (Seidenberg, 1989). A collection/description text structure
presented the least organization among comparison/contrast, problem/solution and
cause/effect text structures and resulted in the poorest awareness and recall (Meyer
& Freedle, 1984). Regarding specific content, the writing genre, proof-first or
principle-first, is also a factor influencing comprehension of scientific texts. Dee-
Lucas and Larkin (1990) found that the proof-first structure is more difficult than the
principle-first structure, and students tended to summarnize the scientific texts with

the principle-first structure whenever reading a proof-first or principle-first text.

Features of Geometry Proof in Textbooks and Different
Language

While proof is viewed as a genre of mathematical text, it is expected to rethink
the features of materials for benefiting students” RCGP in addition to the exploration
of teaching methods or activities. Based on the features of proofs texts in mathemat-
ics textbooks, it can be found that the two-column format and the line-by-line format
of proofs are most familiar. However, the line-by-line format of proofs is most
popular in the present mathematics textbooks. It may result from that the two-
column format is ditficult for students to produce and understand, and dissociates the

doing of proofs from the construction of knowledge (Herbst, 2002). Based on the
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theoretical research which suggest that reading and writing rely on analogous mental
processes and isomorphic knowledge (Fitzgerald & Shanahan, 2000), is learning to
read proof with two-column format strange to our students, like learning to write?

In proof texts of the two-column format, proof steps were separated into
conclusion left and reason right, as shown in figure 1. Accordingly, the information
firstly caught is conclusion and then reason, which might be consistent with English
conjunctive, €.g. He likes mathematics because he likes his mathematics teacher, but
not consistent with Chinese convention, e.g.{l AIBEEZEMEHEZET - FRLIEE
B2 While students who are native speakers of Chinese arc taught to read or write
proofs with the two-column format, they may encounter difficulties of both linguistic
and proof forms. Therefore, the place of reason, in the right or left column, may be a

factor of influencing students’ understanding of proofs.

Proof:

Conclusion: Reason:

1. #BAC = ZACD and AD = BC . 1. Arc(AD)= Arc(BC)

2. AR/ IDC 2. ZBAC = Z4CD and the interior alternate
3. 4BCD is an isosceles trapezium angles are equal

3. 4B //CD and AD = BC

Figure 1. A proof with the two-column format of conclusion left and reason right

Geometry proof is a topic in secondary mathematics. We find a common
feature in mathematics textbooks in each country and in any times; that is, a
proposition with few proof steps is always precedent to a proposition with many
proof steps. If the contents of propositions is controlled, and to write proofs is the

learning goal, propositions with few proof steps precedent to many proof steps make
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sense. However, if the focus is shifted from writing proofs to reading proofs, and the
familiarity with the contents of propositions is different, the sequence of different
proofs is required to reconsider. A balance between substance and form of proofs
appealed by Herbst (2002) should be taken into account while investigating students’
RCGP with respect to different complexity of proof.

In recent two decades, Taiwan mathematics textbook presents proofs with line-
by-line formats. Regarding informal discussion with some mathematics teachers, we
found two reasons for using this format. One was that writing with the two-column
format was time-consuming, and the other was that students did not really know why
to write in this way and just memorize its format. Therefore, the line-by-line format
substitutes the two-column format. In addition, proof with the line-by-line format in
mathematics textbooks could be divided into two sub-types. One is the sub-type of
claim antecedent to arguments; for example, the start of the proof is that to prove C,
we must show that B, where B logically implies C, and the complete proof steps are
as shown in figure 2. The other is the sub-type of arguments antecedent to the claim;
for example, the start of the proof is the given, and the complete proof steps are as
shown in figure 3. The first and the second sub-types are the backward and forward
proof methods respectively. Although both of them are often adopted to construct a
proof, a written proof is often presented with one type. How the two types of the

line-by-line format affect readers’ reading comprehension is still a question.
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Proof:

If 4B//CDand 4D = BC ,then ABCD is anisosceles trapezium.

Because AD = BC , then /BAC = #ACD and AD=BC.

Because /BAC =./4CD,then 4B//DC (theinterior alternate angles are equal).

Figure 2. A proof with the line-by-line format of claim antecedent to arguments

Proof:

Because 4D = BC ,then /BAC=.4CD and A4D=RC.

Because /B4AC = /4CD ,then 4B//DC (the interior alternate angles are equal).
Because 4B // CD and 4D = BC , then A4BCD is an isosceles trapezium.

Figure 3. A proof with the line-by-line format of arguments antecedent to claim

Reading Comprehension of Geometry Proof

We further suspected that the effects of text features would depend on the kind
of comprehension assessed. Lin and Yang (2007) has investigated students’ perform-
ance on reading comprehension of geometry proof with the forward proof method
regarding the line-by-line format. They found that students’ reading comprehension
of geometry proof might not develop from micro, local to global understanding.
Students’ performance in reading comprehension of geometry proof showed two
different types, labeled as relational and instrumental comprehension. The relational
comprehension denotes the understanding of geometry proof develops from surface
knowledge, recognizing clements (premises, conclusions or applied propertics),
chaining elements to encapsulation (knowing the generality of a proposition and
properly applying it). The instrumental comprehension denotes the understanding of

geometry proof jumps from surface knowledge to beyond chaining clements and
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then to come back to recognizing and chaining elements.

Their instrument of measuring students’ reading comprehension of geometry
proof was delicate, and answering a set of items for just one proof takes about thirty
minutes. But comparing students” understanding of geometry proof in four types of
the written formats and in two levels of the complexity of proofs, a modified
mstrument is required. On the other hand, proofs without their corresponding propo-
sitions are set as the context of the task for engaging students into active inference
where organizing proof steps are required, which is different from the task of RCGP
(Yang & Lin, 2008). Thus, Duval’s (1998) threc levels of organizing statements-
micro, local and global are used to assess students’ understanding of geometry proof.
The three levels of organizing proof steps are to theoretically link a step, several
steps and all steps in a proof respectively.

Already 85% of the Taiwanese students achieved the upper half of the
international samples (Mullis, Martin, Gonzalez et al. 2000). They outperformed
even for complex problem-solving items. Although the subjects did not learn
geometry proof in school, 46.4% of grade 8 Taiwan students can judge cormrectly or
at least produce the crucial elements for proving one-stage proof items, and 48.5%
for multiple-stage proof items (Heinze, Cheng and Yang, 2004). Therefore, it is
assumed that a proof without its corresponding proposition (ref. Yang & Wang,
2008) can be used to assess students’ understanding of proofs based on the perspec-
tive of the reading approach to learning mathematics proof even if students have not

learnt secondary geometry proof in school.
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Research Question

It scems plausible that a proof with fewer steps is easier to understand than a
proof with more steps. However, this plausible belief 1s unsure under the contrast
between the familiar and unfamiliar propositions. Although National Council of
Teachers of Mathematics (NCTM) (1989) deemphasized the written format of
proofs, the role of the written formats, either two-column or line-by-line, may result
m different effects on writing and reading performance. Therefore, this study
mvestigated the effects of the three factors-the written formats, the complexity of
proofs and the kinds of understanding questions-on students’ understanding of
geometry proof. In textbook, both a proposition and its proof are provided. Herein,
the task of a proof without its corresponding proposition just presented a proof to
students, and several questions are asked to assess students” understanding of
geometry proof.

Accordingly, the research questions include (a) are there three-way and two-
way interactions between the written formats, the complexity of proofs and the kinds
of understanding questions, and (b) which written format, complexity, or kind of

understanding questions favors students” understanding of geometry proof.

Method

The Study Instrument

In order to investigate the effects of the three factors-the written formats, the
complexity of proofs and kinds of understanding questions-on students” understand-

ing of geometry proof. The content of secondary geometry is adopted to design the
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instrument. The written formats are mainly classified into the two-column format
and the line-by-line format. Regarding the place of reasons and conclusion, two sub-
types of the two-column format include reasons i the right column and reasons in
the left column. Regarding the place of the claim presented in a proof, two sub-types
of the line-by-line format include the claim antecedent to arguments and arguments
antecedent to the claim. The number of proof steps and the familiarity of
propositions are mixed to be a factor-the complexity of proofs-which includes three
proof steps for an unfamiliar proposition and ten steps for a familiar proposition
(Pythagorean Theorem). In sum, there are four types of the written formats for each
proposition, and there are two levels of the complexity of proofs.

For each proof, three kinds of understanding questions are proposed, based on
Duval’s three levels of organizing statements-micro, local and global (Duval, 1998)
to assess students’ understanding of geometry proof. The first one requires students
to identify the given and the claim, which denotes the micro understanding of
geometry proofs. The second one requires students to logically chain several proof
steps, which denotes the local understanding of geometry proofs. The last one
requires students to comprehend several proof steps as a whole and appropriately
apply it, which denotes the global understanding of geometry proofs. Although the
terms, micro, local and global, are adopted from Duval’s levels of organizing
information, the meaning of micro, local and global understanding is limited to the
questions designed in this study. It is noted that the three kinds of understanding
questions do not imply the learning hicrarchy from micro, local to global under-
standing. Moreover, the properties applied in each proof are provided and attached in

the last part for the purpose of preventing students from losing their attention. An
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exemplar of the study instrument is shown in figure 4, where question 1 to 3 belongs
micro, local and global understanding respectively. Students would be guided to read
the instruction before this proof, and then asked to write their answers to the
following questions.

There are sixteen versions of the study instrument. Three proof steps for an
unfamiliar proposition and ten steps for a familiar proposition (Pythagorean Theo-
rem) are included in each version. Among four types of written formats, two differ-
ent formats are assigned to the two propositions of each version. Thus, the number of

permutation with repetition is sixteen.
Subjects and Data Analysis

The instrument was administered to 155 ninth graders of four classes in one
private junior high school, and just two of the subjects did not answer any question
of the study instrument. These students who are about 14+ years old had learnt
properties of congruent triangles, and are going to learn geometry proof regarding
some simple geometrical figures. These students’ activities in class mainly consist of
practicing and memorizing mathematical concepts and procedures.

Lest students lose their patience, and a learning effect occurs during the test,
cach student is randomly assigned to answer one version of the study instrument
where the two different propositions with two identical or difference formats are
included. Thus, each kind of understanding questions for each proposition could be
answered by about 38 subjects.

In this research, the dependent variables involved the correct rate of answers to

cach kind of understanding questions. Students’ responses to the three kinds of




Below, there will be the steps of a proof, and the properties that are applied will be
described after all of the steps. Please answer the questions and write the following
answers in boxes.

Proof:

1.If" 4B // €D and 4D = BC " then "ABCD is an isosceles trapezium”.

2. Because Arc(AD)=Arc(BC),and properties (iii) and (i1}, it can be derived that /BAC
= /ACD.. *and AD =3BC

3.From * and property (1), what could you derive from there? (Please answer in Question

Question 1:

(1) Please describe the given of this prootf and the claim of this proof.

{(2) If you would formulate a question to let your classmates write this proof, how would

vou word the question?

Question 2: What can you derive on the relation between 4B and CD from Step 37
And write your reasons for this.

(1) The relation between 4B and D is:

(2) Reasons are:

Question 3: If A4'B'C'D' are on the same circle, and Arc( 48" )= Arc( C'D' ), with
reference of Steps 2 & 3, what could you derive from here?

Applied Properties:
(1) If a line intersecting two line sections and the interior alternate angles are equal, the
two line sections are parallel to each other.

line P

1
line Q
L1=,-2 = P/l
(i) If two arc lengths are equal, then the corresponding chords will be equal, too.

(i) If two arc lengths are equal, then the corresponding circumference angles will be
equal, too.

Figure 4. An exemplary item of three steps for an unfamiliar proposition with
the line-by-line format where the claim is antecedent to arguments
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questions for each level of the complexity of proofs were coded and then scored
despite the types of the written formats. The principle of scoring is to differentiate
the quality of students responses according the completeness and the optimization of
given-claim, premise-applied property-conclusion, or applied conclusion. Therefore,
the full mark of each kind of understanding questions was dependent on the varieties
of responses. For example, students who answer Arc(AD)=Arc(BC) and ABCD

inscribed in a circle to question 1-1 (the given part) will get the full mark, 2. Students

who answer ~D’AC’= /A'C’B’, A'D'/B'C', or A'B' = C'D'to question 3
(global) will get partial score, 1. The full marks of micro, local and global
understanding questions are 6, 2, and 2 respectively. The intercoder reliability of two
coders based on the answers of twenty randomly selected subjects was 93.3%,
computed with the Miles and Huberman (1984) formula.

In order to compare students’ understanding of geometry proof among the three
factors, the score for each kind of understanding questions is divided by its full
score, which is labelled as correct rate. The Statistical Package for the Social
Sciences (SPSS 13.0 for Windows) was used for analyses. All the subjects would be
tested by all kinds of understanding questions and both levels of complexity but two
types of the written formats; thus, a three-way ANOVA mixed model with the two
factors of complexity and understanding as repeated-measures factors is used to
analyze the data of these subjects for the main effects of written format, complexity,
understanding and their interactions. According to the result of the three-way
ANOVA, simple main-effects analysis for understanding differences is conducted by
repeated-measures one-way ANOVA, and simple main-effects analysis for complex-

ity differences is conducted by paired t-test.
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Result

No Interaction among Written Format, Complexity and Understanding

Table 1 presents the correct rates of answers to the micro, local and global
understanding questions regarding the two levels of the complexity and the four
types of the written formats. Regarding micro understanding questions, the correct
rates range between 0.482 and 0.532 in the text of three proof steps for an unfamiliar
proposition, and between 0.395 and 0.569 in the text of ten proof steps for a familiar
proposition. Regarding local understanding questions, all of the correct rates in the
text of three proof steps for an unfamiliar proposition are higher than those in the
text of ten proof steps for a familiar proposition. On the contrary, all of the correct
rates in the text of three proof steps for an unfamiliar proposition are lower than
those in the text of ten proof steps for a familiar proposition regarding global
understanding questions. Although the difference of students’ correct rates between
the two levels of complexity or between the four types of written formats is unclear,
the correct rates of answers to local understanding questions is consistently higher
than all the other rates of answers to micro and global understanding questions.

Moreover, a mixed design 4 (written formats) < 2 (complexity of proofs) = 3
(understanding kinds) analysis of variance was performed on correct rates with thirty
seven students who were implemented to one version of the same written format.
A significant two-way interaction effect of complexity by understanding, F(2,
742.699)=14.798, p=0.000, as well as a significant main effect of understanding,
F(2, 742.699)=83.707, p=0.000, were found. Therefore, the four written formats
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Table 1. Means and standard deviations of correct rates.

Micro Local Global
Means SD Means SD Means SD

Three proof steps for an unfamiliar

proposition
Written format
line-by-line (the claim antecedent) 482 271 803 319 395 405
line-by-line (arguments antecedent) 538 302 808 295 474 428
two-column (reasons in the left) S04 317 800 295 325 446
two-column (reasons in the right) 532 238 889 270 347 393

Ten proof steps for a familiar proposition
Written format

line-by-line (the claim antecedent) 395 319 675 401 533 452
line-by-line (arguments antecedent) 569 345 692 423 487 432
two-column (reasons in the left) 439 344 597 444 481 4381
two-column (reasons in the right) 553 306 789 361 5700490

did not result in difference of students’ understanding of geometry proof. Regardless
of the written formats, 42.5% and 36.0% of students” answers got 0 score in
questions 1-(1-1) which asked students to identify the premise of the unfamiliar
proposition with three proof steps and the familiar proposition with ten proof steps
respectively. 30.7% and 43.8% of students” answers got 0 score in questions 1-(1-2)
which asked students to identify the claim of the two levels of complexity of proofs
respectively. 5.9% and 21.6% of students” answers got 0 score in questions 2 which
asked students to identify the applied property of one argument in the two levels of
complexity of proofs respectively. 49.0% and 35.3% of students’ answers got 0 score
m questions 3 which asked students to apply the propositions of the two levels of

complexity of proofs respectively.
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Local Understanding is the Easiest

To aid in the interpretation of the two-way interaction effect of complexity by
understanding, tests for simple main effects of understanding kinds were firstly
performed. Repeated-measures ANOVAs revealed a significant difference regarding
both levels of complexity (three proof steps, F(1.712, 260.263)=84.953, MSE=0.105,
p=0.000; ten proof steps, F(1.918, 291.473)=24.311, MSE=0.075, p=0.000). Post
hoc tests showed that the correct rate of answers to local understanding questions is
significantly higher than the other two correct rates of answers to micro and global
understanding questions regarding both levels of complexity. Regarding the three
proof steps for an unfamiliar proposition, the correct rate of answers to micro
understanding questions is significantly better than to global understanding ques-
tions. However, the difference between the correct rates of answers to micro and
global understanding questions was not statistically significant regarding the ten

proof steps for a familiar proposition.

Diverse Complexity of Proofs Favors Different Kinds of Understanding

Subsequently, tests for simple main effects of complexity were performed. The
results showed that the effects of complexity on the correct rates were statistically
significant regarding local (t(152)=3.646, p=0.000) and global (t(152)=-3.038,
p=0.003) understanding questions. However, there was no significant difference
between the two levels of complexity regarding micro understanding questions
(1(152)=1.123, p=0.263). Local understanding questions arc easier in reading the
three proof steps for an unfamiliar proposition than in reading the ten proof steps. On

the contrary, global understanding questions are easier in reading the ten proof steps
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for a familiar proposition than in reading the three proof steps for an unfamiliar
proposition. Accordingly, diverse complexity of proofs may favor different kinds of

understanding.
Conclusion And Suggestion

No significant interaction among the written formats by complexity of proofs
by understanding kinds, and no significant interaction between the written formats
by complexity implicd that the effect of the written formats on each kind of
understanding 1s consistent between the two levels of complexity of proofs. This
consistency occurs in students’ understanding of geometry proof, but does not
necessarily extend to students” reading strategics. It scems that the strategy of
structure analysis is more useful in the line-by-line format, and the strategy of
remedy, where students read reasons while they do not understand its corresponding
conclusions, is naturally used in the two-column format. Of course, this conjecture is
required to verify by practical research.

The context of the task in this study is to present a proof without its
corresponding proposition; therefore, the status of the information is implicit to
readers. Theoretically, readers who first get the starting point from the argument-
antecedent format should comprehend better than readers who first get the ending
point from the claim-antecedent format, because it is hard to further identify the
status of the statement followed the ending point if the claim-antecedent format is
not identified by readers. However, no evidence supported this hypothesis in this
study. Further survey with larger samples is required in order to increase the power

of the test, which may consist with the theoretical conjecture.
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It is unexpected that the reason-in-the-right format benefits our subjects whose
native language is Chinese and Taiwanese language. However, figures, the learning
of English and daily conversation may affect students’ understanding of geometry
proof in addition to the syntactic structure of language. Regarding figural inference,
it is helpful to see the underlying properties where the warrant or backing is still
mplicit (Cheng & Lin, 2007). Therefore, the students did not encounter more
difficulty in reading the reason-in-the-right format. The subjects in this study had
learnt English in school for two years, and we also tell others the result and
subsequently the reasons in our daily conversation. Thus, the relevant experience
may cause no significant difference in the understanding of geometry proofs between
the reasons-in-the-right format and the reasons-in-the-left format.

Although the effect of the written formats on the three kinds of understanding is
not obvious in this study, it may occur while different contexts of proof texts, such as
inserting invalid arguments or missing partial proof steps, and different domains of
reading comprehension, such as recalling, summarizing or extending are regarded.
Therefore, it requires further study to test if the two-column format benefits students
to identify the logical status and to logically chain arguments while the status of
arguments is explicit and formed, and if the line-by-line format benefits students to
find critical proof ideas while each sub-step is followed with its applied properties.

On the other hand, the complexity of proofs makes difference in local and
global understanding of geometry proof. An unfamiliar proposition with fewer proof
steps benefits local understanding, and a familiar proposition with more proof steps
benefits global understanding. This tells us that different teaching sequences should

be arranged for understanding proofs of familiar and unfamiliar propositions where
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different length of proof steps is taken into account. For advancing students’
understanding of geometry proof, the local understanding questions could be
discussed with fewer proof steps, and the global understanding questions could be
discussed with familiar propositions. For example, students can be guided to find
applied properties while reading proofs of unfamiliar propositions with fewer proof
steps. On the contrary, students can be guided to apply the familiar proposition to
infer some conclusion from a similar premise while reading proofs of familiar
propositions with more proof steps.

The result that local understanding questions are casiest 1s a little inconsistent
with Yang and Lin’s (2008) model of reading comprehension of geometry proof. It
might result from the different instruments in the two studies. In this study, the
corresponding proposition was not provided, which obviously resulted in students’
difficulty in micro understanding. That is, micro understanding is easier than local
and global understanding while the proposition is provided. Regarding each kind of
understanding, it is surly that familiar propositions with fewer proof steps are easiest
to understand; therefore, all kinds of understanding can be discussed while learning
to read fewer proof steps of familiar propositions. However, familiar propositions
with fewer proof steps may not drives students to see the necessity of using
appropriate reading strategics, which requires to learn advanced mathematics or
evaluate peers’ flawed proofs.

The issues about the effects of text features on understanding of geometry proof
are worthy of further research while it is criticized that the proofs in textbooks is
arranged from proof with fewer steps to proof with more steps regarding all kinds of

comprehension, and that the line-by-line format is better than the two-column format
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for leaning mathematics proof. Besides, to initiate systematic projects on the influ-
ences of nonlinear text in the learning of geometry proof is required for the

technology-based leaming environment.
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