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Abstract. Although diagram use is considered to be one of the most effective 
strategies for solving problems, reports from applied educational research have 
noted that students lack spontaneity in using diagrams even when teachers ex-
tensively employ diagrams in instructions. To address this problem, the present 
study investigated the effectiveness of teacher-provided verbal encouragement 
(VE) and practice in drawing diagrams (PD), as additions to typical math 
classes, for promoting students’ spontaneous use of diagrams when attempting 
to solve problems. The participants were 86 8th graders who were assigned to 
one of four instruction conditions: VE+PD, VE only, PD only, and with no ad-
dition to typical instruction (Control). The highest improvement in spontaneous 
diagram use was observed in the VE+PD condition. This finding suggests that, 
to promote spontaneity in students’ diagram use, helping students appreciate the 
value of diagram use is important, as well as developing procedural knowledge 
in using diagrams.  
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1   Introduction 

The use of diagrams is considered by many researchers and teachers to be a strategy 
that promotes efficacy when solving problems. The usefulness of diagrams in prob-
lem solving situations can probably be best understood in terms of Larkin and 
Simon’s [1] explanation that diagrammatic representations are more computationally 
effective than sentential representations because they reduce mental loads associated 
with memory and searching. The benefits of employing diagrams and other forms of 
visual representation when problem solving have been empirically demonstrated in 
numerous studies [e.g., 2, 3, 4, 5; see also a review by Cox, 6]. 

However, novices and many school students appear not to be able to use diagrams 
as effectively as teachers and researchers. Numerous problems relating to students’ 
use of diagrams have been pointed out in reports from applied educational research 
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and in observations of students’ actual problem solving: for example, students dem-
onstrate poor choice of diagrams to use [7, 8], they fail to draw appropriate inferences 
when using diagrams [9, 10], and they lack spontaneity in using diagrams [11, 12, 
13]. All of these problems need to be resolved if the development of skills in effective 
problem solving among school students is to be facilitated via the use of diagrams. 

1.1   Students’ Lack of Spontaneity in Diagram Use 

Students’ lack of spontaneity in using diagrams is one of the most critical of the prob-
lems, and has been noted in reports concerning applied educational activities. 
Ichikawa [11], for example, described the case of an 8th grade student who tried in 
vain during a test situation to solve a problem without the use of any diagram and 
gave up – despite the fact that, just prior to the test, she was provided instruction and 
encouragement by the researcher to use diagrams. Other reports have also been made 
about this lack of spontaneity in students’ attempts to solve problems for which the 
use of diagrams would have been considered effective [e.g., 12, 13]. 

There is also a contrasting difference between the amount of diagrams that teachers 
and students use in the process of problem solving. For example, Dufour-Janvier et al. 
[12] pointed out that students did not use diagrammatic representations in mathemat-
ics even though they had plenty of opportunities to observe their teachers using dia-
grams in class. In addition, although a video-based study conducted by TIMSS 
(Trends in International Mathematics and Science Study) [14] revealed that Japanese 
teachers use a lot of diagrams in class for instruction, a number of research studies 
[e.g., 13, 15] have found that Japanese students are weak in the spontaneous use of 
diagrams when solving math word problems. These findings suggest the necessity of 
developing teaching methods that would promote the spontaneous use of diagrams, 
and which could be used to supplement the teaching methods that are normally used 
in class. 

To date, however, the main focus of psychological studies that have been published 
about diagrams have been to demonstrate their effects [e.g., 3, 4] and the mechanisms 
by which they promote problem solving [e.g., 1, 2]; only a limited number of studies 
have examined problems concerning diagrams use. Additionally, the studies that have 
looked into problems of diagrams use have been concerned with people’s inappropri-
ate choice [e.g., 7, 8] and failure to make correct inferences when using diagrams 
[e.g., 9, 10]. The problem of lack of spontaneity with which people use diagrams has 
not been sufficiently investigated in prior research in this area. 

The importance of addressing the issue of students’ lack of spontaneity in diagrams 
use becomes even more apparent when one considers findings from previous studies 
that self-constructed diagrams are particularly powerful heuristics in problem solving 
[e.g., 4, 5, 6]. The lack of spontaneity means that many students fail to gain the poten-
tial benefits of diagrams use in learning – especially about problem solving. Previous 
studies that the present authors have conducted and published on this topic have re-
vealed some of the factors that may contribute to the lack of spontaneity [e.g., 15, 16, 
17]; however, the possible methods that could address this problem have not been 
adequately examined. It was therefore the purpose of the present study to develop and 
evaluate a teaching method that would promote students’ spontaneous use of dia-
grams when attempting to solve math word problems. 
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1.2   Factors Influencing the Spontaneous Use of Diagrams 

Although previous research has not put forward teaching methods to promote stu-
dents’ spontaneous use of diagrams, findings from the learning strategies research 
area provide some helpful suggestions about factors that need to be considered when 
developing such methods. One such factor is the user’s perception of the strategy 
under consideration: it is important that the strategy is perceived as adding efficiency 
to the task at hand. For example, Garner [18] emphasized the importance of people 
understanding the value of a particular strategy if it is to be spontaneously used. Other 
empirical research [e.g., 19, 20], including where diagrams use is concerned [15], has 
also demonstrated that students’ perception of the efficacy of a strategy influences 
the use of that strategy. Thus, in the present study, encouragement aimed at improving 
students’ perception of the efficacy of diagrams use was included as part of the 
intervention. 

However, on its own, perception of the efficacy of a strategy is not enough to pro-
mote spontaneous use. In the case of diagrams use, students who have not acquired 
sufficient skills in using diagrams are unlikely to use them spontaneously even if they 
perceive likely benefits in their use. As Ames and Archer [21] pointed out, research 
focusing on user perceptions about a strategy actually stemmed from, and was a reac-
tion to, an initial focus by researchers only on the crucial role of skills training. Mura-
yama [22] also pointed out the importance of acquiring the necessary skills when using 
external resources like diagrams. Thus the intervention used in the present study in-
cluded not only encouragement to enhance the perception of efficacy of diagrams use, 
but also steps to promote the development of construction skills for drawing diagrams. 

The framework used in this study of combining promotion of the relevant skills 
development and instruction to improve perception of the value of a strategy is sup-
ported by some of the research literature in this area. For example, the “informed 
training” approach proposed by Brown, Bransford, Ferrara, and Campione [23] em-
phasized the importance of adding into skills training explicit instruction about the 
values of the strategy concerned and the situations in which its use is beneficial. 

Research in the area of learning strategies use also suggests that the effect of an in-
tervention would be influenced by the students’ beliefs about learning. Shinogaya 
[24] found that an intervention to encourage students to read their study text before a 
history class benefited only those students who had a “meaning orientation” (i.e., 
those who valued memorizing with understanding rather than just rote memorizing). 
This suggests that the efficacy of the interventions used in the present study is also 
likely to be affected by students’ beliefs about learning. In other words, if students 
believe that getting the correct answer is all that matters and neglect the process of 
how to get that answer, the effect of the intervention for promoting diagrams use 
would likely be minimal, if any. Thus, in the present study, students’ process/outcome 
orientation (i.e., whether they valued the process of problem solving or simply getting 
the correct answer [25]) was also taken into consideration and included as a covariant 
in the analysis of the results. 

1.3   Means for Improving the Perception of Efficacy and Construction Skills 

Although the approach of enhancing both perception of efficacy and skills in use of a 
strategy could be considered potentially effective in promoting students’ spontaneity 
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in diagrams use, the exact means for implementing such an approach in a classroom 
teaching situation still needed to be developed. For enhancing the perception of effi-
cacy, as suggested in Brown et al.’s [23] idea of “informed training”, the teacher may 
well need to explicitly explain the beneficial effects of diagrams use in problem solv-
ing. The findings from a survey conducted by Uesaka et al. [13] suggested that stu-
dents tend to think of diagrams as “tools for teachers’ instruction” but not as “tools for 
their own problem solving”, and this tendency linked to lower levels of spontaneity in 
diagrams use. Therefore, there are clear indications here that the teacher needs to 
explicitly tell students about the efficacy of diagrams use in their – the students’ – 
own problem solving.  

Moreover, the teachers’ explicit encouragement might be more effective if effort or 
lack of effort in using the strategy is appropriately attributed to success or failure in 
problem solving. Chan [26], for example, attempted to improve 7th graders’ strategy 
use during reading and found that combining skills training and attributional training, 
during which teachers explicitly urged student to attribute successes and failures 
in reading to use of reading strategies, improved reading strategy use and overall 
performance. Other studies have also suggested the importance of attribution in pro-
moting strategy use [e.g., 27]. Thus it would appear beneficial to include attribution 
training in an intervention for enhancing the perception of efficacy of diagrams use. 

To develop students’ skills in constructing diagrams, the provision of opportunities 
for students to actually construct and use diagrams as tools for solving problems 
would appear crucial. Previous educational programs developed to promote students’ 
strategies use have also included many opportunities for participants to practice how 
to use the target strategies in realistic tasks [e.g., 27, 28]. In addition, Uesaka and 
Manalo [17] observed that students encountered greater difficulties in using diagrams 
when the problems they were attempting to solve required the transformation of the 
concrete situation depicted in the problem to a more abstract diagrammatic represen-
tation. This would therefore suggest that in developing students’ skills in diagrams 
construction, it would be important for the teacher to provide opportunities for prac-
tice in producing appropriate diagrams for a wide range of problems – including those 
that are more demanding in terms of the abstractness of the diagrammatic representa-
tions they require. 

In addition to that, including error-related feedback about students’ use of diagrams 
would appear beneficial to include in promoting the development of students’ dia-
gram construction skills. Research about metacognitive learning strategies suggests 
that, in order to learn, students need to know the reason behind experiences of failure 
[e.g., 25, 29]. Where practice in drawing to promote diagram construction skills is 
concerned, pointing out to students where errors occur in their diagram use would 
contribute to the development of procedural knowledge in constructing appropriate 
diagrams for problem solving. Thus, in the intervention used in the present study, 
error-related feedback, as well as feedback about the formula and answer to the prob-
lem given, was included. 

1.4   Hypothesis and Overview of the Present Study  

The main hypothesis investigated in the present study was that an instructional inter-
vention that sought to improve both students’ perceptions about the efficacy resulting 
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from diagram use and their procedural knowledge in drawing diagrams would pro-
duce the greatest improvements in the students’ spontaneous use of diagrams when 
attempting to solve math word problems. It was also hypothesized that students’ proc-
ess/outcome orientation would influence any changes in their spontaneous use of 
diagrams that might result from the interventions provided. 

To enhance participants’ perceptions about the efficacy of diagrams use, teacher 
verbal encouragement to use diagrams was added to math class instruction based on 
what could be considered ‘traditional’ (i.e., in which teachers use diagrams to demon-
strate how to solve problems but do not explicitly encourage their use [16]). And to 
improve participants’ diagram construction skills, practice in drawing diagrams was 
provided – again in addition to traditional math class instruction. This study also ex-
amined whether providing teacher encouragement in diagrams use would improve 
students’ perceptions about the efficacy of diagrams use. Likewise, it examined 
whether providing practice in drawing diagrams would produce evidence of im-
provements in procedural knowledge in constructing diagrams. 

2   Method 

2.1   Participants and Experimental Design 

The participants were assigned one of four conditions: a class in which both verbal 
encouragement and skills training for drawing diagrams were provided in addition to 
instruction in math word problem solving (VE+PD); a class in which only verbal 
encouragement was additionally provided (VE); a class in which only skills training 
in drawing diagrams was additionally provided (PD); and a class in which no addi-
tional manipulations were added to the regular instruction in math word problem 
solving provided (Control). 

A randomized block design was used to reduce potential confounding effects relat-
ing to the students’ school achievement. Information about the participants’ school 
achievement was gathered from their parents via a survey administered before the 
experiment, and responses to this survey were used to achieve approximate equiva-
lence in student assignment across the four groups. The parents’ responses to the 
survey were not included in subsequent analyses.  

In total there were 86 participants: 24 in the condition with VE+PD, 19 in the condi-
tion with VE only, 21 in the condition with PD only, and 22 in the Control condition.  

2.2   Materials 

Three categories of math word problems were used in the experiment (see Appendix 1 
for examples of the actual problems, and Fig. 1 for examples of diagrams produced by 
students during the instruction sessions). The first category comprised of “picture 
problems”, for which constructing a mechanical or geometric illustration is effective 
for solving. The second category comprised of “bar chart problems”, for which 
solutions are facilitated by constructing a diagram in the form of a bar chart that 
represents the important quantities (bar charts shown in Fig. 1 are popular visual rep-
resentations in Japanese educational settings). The third category comprised of “table 
problems”, for which drawing a table depicting relationships between quantities 
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described is helpful for solving. These three categories of math word problem were 
used during the first, second, and third days of instruction respectively, and on each 
day three problems from the assigned category were given to the participants to solve. 
(The effectiveness of the kinds of diagrams corresponding to each category noted 
above was confirmed with three certified math teachers in Japan.)  

Fig. 1. Typical Diagrams Produced During the Instruction Sessions 

Math Word Problem Solving Assessment. This was administrated at pre-instruction 
and post-instruction to find out how often students spontaneously used diagrams when 
solving math word problems. The assessment at pre-instruction comprised of three math 
word problems, one from each of the three categories (i.e., picture, bar chart, table), with 
their level of difficulty being the same as in the instruction sessions. The assessment 
conducted at post-instruction also consisted of three math word problems, one from 
each category. However, these problems were different from, and more difficult than, 
the problems used at the pre-instruction assessment and instruction sessions (see 
Appendix 2). The increase in difficulty was decided as general improvements in the 
participants’ problem solving competence was expected following the instructions 
provided. The participants were asked to show their working throughout. Four minutes 
were allowed for each problem. 

Immediately after the post-instruction assessment, the participants were given a 
new booklet containing the same three problems, but this time participants were ex-
plicitly asked to use diagrams in their attempts to solve them. This additional proce-
dure was undertaken to assess participants’ skills in diagram construction via the 
quality of diagrams they produced (when required to construct them). This time, con-
sidering that they were the exact same problems that the participants had just at-
tempted solving (and thus they did not need to read the problems again in detail), they 
were allowed only 3 minutes for each problem. 

Survey Conducted Before and After the Experimental Class. A survey was sent to 
participants (using conventional mail) about one month prior to the start of the 
experimental classes. Two items for assessing participant’s process/outcome 
orientation, drawn from a questionnaire developed by Ichikawa and his colleagues to 
assess students’ motivations and beliefs about learning [see, 25], were included: “The 

Picture Problem Bar Chart Problem Table Problem 
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process of problem solving is as important to me as obtaining the correct answer”, and 
“The process of problem solving does not really matter as long as I obtain the correct 
answer” – the second being a reverse item. The participants had to respond on a 5-
point Likert-type scale (with the end points being anchored as: 5 = “completely think 
so” and 1 = “do not think so at all”). 

The post-instruction survey was distributed on the final day of the class, together 
with a return mail envelope. To determine whether participants who were in the con-
ditions with VE would show greater evidence of appreciating the efficacy that dia-
gram use brings to problem solving, the participants were given the opportunity to 
write freely to the teacher of the class through a “free comment” space in the survey. 
The comments provided were used to assess the participants’ levels of perception 
about the efficacy of diagram use. 

2.3   Procedure  

The experimental classes were organized and provided over the course of five days at 
the University of Tokyo. The pre- and post-instruction assessments were administered 
on the first and fifth days. In the three days in between, the instruction classes were 
provided. The daily sessions each lasted about 50 minutes.  

In each group, the instruction sessions followed the same basic procedure. First, 
the teacher introduced the first of the three problems for the day and asked the partici-
pants to attempt to solve it. Then, the teacher explained on the board how to solve the 
problem correctly (with the use of a diagram). Following this, the teacher introduced 
the second problem and asked the participants to try to solve it. After waiting for a 
while, the teacher again explained on the board (with the use of a diagram) how to 
correctly solve it. Finally, the teacher introduced the final problem for the day and 
asked the participants to try to solve it. The teacher then collected the participants’ 
efforts at solving this third problem, and returned these together with feedback at the 
start of the next class. 

In addition to the basic procedure described above, in the conditions with VE, the 
following manipulations were included. After the students’ attempt at solving the first 
problem, the teacher asked the participants if they were successful in solving it. The 
teacher then told the participants who indicated they were not successful that they 
would have fared better had they used an appropriate diagram. At this time, the 
teacher also stressed the effectiveness of using diagrams when problem solving, and 
encouraged the participants to construct diagrams particularly when attempting diffi-
cult problems. To participants who were able to solve the first problem without the 
use of diagrams, the teacher still pointed out the efficacy that diagram use brings, and 
encouraged them to use diagrams when they encountered more difficult problems. 
Prior to the participants’ attempts at solving the second and third problems, the 
teacher also provided encouragement for them to use diagrams. 

In the conditions with PD, the following three manipulations were included addi-
tional to the basic procedure described above. Firstly, in this condition, the space in 
the students’ worksheet for solving the given problem was segmented into two parts: 
space for writing the appropriate numerical formula, and space for constructing dia-
grams. Thus, they were more or less compelled to construct diagrams when consider-
ing the problem. Secondly, these participants were also asked to reconstruct 
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diagrams that the teacher had used on the board in demonstrating how to solve each 
of the problems. In each instance, only 2 minutes were allowed for this, and students 
were encouraged not to look at the diagram on the board or their notes. Thirdly, the 
way that feedback was provided differed depending on the condition. The teacher 
collected the last problem at the end of the session for return the following day. Al-
though participants in all conditions received feedback on the answer and numerical 
formula they produced, participants in the conditions with PD were provided addi-
tional feedback when they made errors in the diagrams they used. 

3   Results 

3.1   Spontaneous Use of Diagrams in Math Word Problem Assessment  

To evaluate whether participants tried to use diagrams in attempting to solve the prob-
lems administered at pre- and post instruction assessment, participants’ responses 
were independently scored by the first author and another scorer. For the purposes of 
the present study, a diagram was defined as any representation of the problem other 
than words, sentences, or numerical formulas. Tables were counted as diagrams and, a 
table was defined as a depiction of at least a pair of values arrayed to represent two 
related variables. The inter-rater agreements (measured by calculating Cohen’s kappa 
coefficients) were found to be .71 for the pre-instruction assessment data and .84 for 
the post-instruction assessment data, which can both be considered as substantially 
concordant. The results are shown in Table 1 and Fig. 2. 

Table 1. Average Number of Problems Where Participants Spontaneously Used Diagrams in 
Each Assessment (Out of 3 Problems) and the Process/Outcome Orientation in Each Condition 

Condition Pre-instruction (SD) Post-instruction (SD) Process Orientation (SD) 

VE+PD 0.17 (0.38) 1.58 (1.28) 3.70 (0.74) 
VE 0.26 (0.65) 0.58 (0.90) 3.66 (1.13) 
PD 0.52 (0.75) 1.09 (1.30) 3.82 (0. 94) 

Control 0.32 (0.65) 0.82 (1.14) 3.86 (0.86) 

Fig. 2. Calculated Differences Between Pre- and Post-Instruction Use of Diagrams 
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A 2 x 2 analysis of covariance (ANCOVA) ([with vs without VE] x [with vs with-
out PD], with the participants’ process orientation scores as a covariant) was carried 
out on the calculated differences between the participants’ spontaneous diagram use at 
pre-instruction and at post-instruction. VE and PD were between-subject factors, and 
process orientation was a within-subject variable.  

A significant effect stemming from PD (F(1, 79) = 5.11, p < .05) and a significant in-
teraction effect between PD and VE (F(1, 79) = 4.07, p < .05) were found. The effect of 
VE was not statistically significant (F(1, 79) = 1.91, n.s.). The process orientation was 
marginally significant (F(1, 79) = 3.18, p < .10). The analysis revealed no interaction 
effects between process/outcome orientation and the other factors examined. 

The significant interaction effect between PD and VE was analyzed in more detail. 
An analysis of simple effects revealed the effects of PD was significant when it was 
provided with VE (F(1, 79) = 9.31, p < .01). In contrast, the effects of PD was not sig-
nificant when it was provided without VE (F(1, 79) = .03, n.s.). This interaction effect 
suggests that diagram use was most effectively promoted in the condition where both 
VE and PD were provided as shown clearly in Fig. 2. This result supports the main 
hypothesis.  

3.2   Analysis of the Perception of Efficacy of Diagrams  

To examine whether participants provided with VE would manifest improvements in 
their perceptions of the efficacy of diagrams use, participant’s responses in the “free 
comments” section of the post-instruction survey were analyzed. Two scorers inde-
pendently examined each participant’s response and determined in each case whether 
reference was made to the importance of, or efficacy relating to, diagram use. The 
inter-rater agreement (Cohen’s kappa coefficient) was found to be .91, which indi-
cates almost perfect concordance. The following statements are examples of 
responses that participants made (translated from Japanese) that were deemed as re-
ferring to the value of diagram use: “I was glad to learn how to make tables and 
diagrams; I am not good at making equations, so I want to use these other ways”, “I 
now understand the importance of diagrams”, and “I used to have a problem of get-
ting confused when reading word problems, but this hasn’t happened as much 
recently when I have been using diagrams”.  

Table 2. Ratios of Participants Referring to the Efficacy of Diagram Use in the Free Comments 
Section of the Post-instruction Survey 

With PD Without PD Totals 
With VE 0.46   (11/24) 0.42   (8/19) 0.44  (19/43)  

Without VE 0.10    (2/21) 0.18   (4/22) 0.14   (6/43) 
Totals 0.29   (13/45) 0.29  (12/41) 0.29  (25/86) 

Note. In parentheses are the number of participants who referred to the efficacy of diagram use, 
and the total number of participants, in each condition. 

By using arcsine transformations, the proportions of participants referring to dia-
gram use efficacy in each condition were compared. These proportions are shown in 
Table 2. The main effect of VE was significant (χ2

(1)
 = 8.54, p < .01). However, 

neither the main effect of PD (χ2
(1) = .05, n.s.), nor the interaction between the two 
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factors (χ2
(1)

 = .35, n.s.) was significant. These results suggest that participants in the 
conditions with VE evidenced better appreciation of the efficiencies that diagram use 
brings to problem solving. 

3.3   Analysis of the Diagram Construction Skills Participants Acquired  

To examine whether participants with PD would improve their diagram construction 
skills, the quality of diagrams drawn in the latter half of the post-instruction assess-
ment was analyzed. During this session, all participants were required to draw dia-
grams in their attempts to solve the problems given. The quality of the diagrams that 
the participants produced was used as an indication of the diagram construction skills 
that they had acquired through the experimental class. 

The quality of the diagrams was rated using specified criteria. In essence, the dia-
grams were classified as being “high quality” when they saliently represented the 
relationships between the most important quantities from the math word problems 
given: this function of diagrams has been identified as being important in earlier re-
search by Uesaka and Manalo [17]. Two scorers independently carried out the dia-
gram ratings; inter-rater agreement (Cohen’s kappa coefficient) was found to be .82, 
which was considered as substantially concordant. Examples of diagrams produced by 
participants are shown in Fig. 3. 

Fig. 3. Examples of Diagrams Constructed in Problems Given in Post-Instruction Assessment 

A 2 [with vs without VE] x 2 [with vs without PD] analysis of variance (ANOVA) 
was carried out on the total numbers of problems where diagrams deemed as being of 
“high quality” were constructed by participants. The main effect of PD was signifi-
cant (F(1, 82) = 6.51, p < .05). However, both the effect of VE (F(1, 82) = 1.48, n.s.), and 
the interaction between the two variables (F(1, 82) = .07, n.s.), were not significant. This 
finding suggests that providing PD improved participants’ diagram construction 
skills. Results are shown in Table 3. 

To examine the validity of the criteria used for classifying the quality of the par-
ticipants’ diagrams, the relationship between diagrams classification and the correct-
ness of the answers produced was analyzed. In every math word problem given in the 
post-instruction assessment, greater proportions of correct solutions were found in 
cases where the diagrams used had been classified as “high quality” compared to 

Length Problem 
(One of the Picture Problems) 

Weight Problem 
(One of the Bar Chart Problems) 

Video Problem 
(One of the Table Problems) 
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Table 3. The Total Number of Problems for which Participants Produced High Quality Dia-
grams When Asked to Use Diagrams in the Post-instruction Assessment 

With PD Without PD Totals 
With VE 2.46 (0.59) 1.95 (0.91) 2.23 (0.78) 

Without VE 2.19 (0.75) 1.77 (1.06) 1.98 (0.94) 
Totals 2.46 (0.59) 1.95 (0.91) 2.23 (0.78) 

cases where the diagrams had been classified as “low quality”. The differences were 
statistically significant or marginally significant in all three problem categories (χ2

(1) =

14.90, p < .01; χ2
 (1) = 7.40, p < .01; χ2

 (1)
 = 3.41, p < .10 respectively).

4   Discussion 

The result of the present study revealed that an intervention incorporating teacher-
provided verbal encouragement and skills training in drawing diagrams effectively 
promoted students’ spontaneous use of diagrams when attempting to solve math 
word problems. The analysis of the free comment in the post-instruction survey 
showed that teacher-provided verbal encouragement enhanced the perception of 
efficacy of diagrams, and the analysis of the quality of diagrams produced in the 
post-instruction session demonstrated that practice in drawing diagrams improved 
diagram construction skills.   

This finding suggests that for students to spontaneously use diagrams when 
given math word problems to solve, they need to appreciate the efficacy of diagram 
use, as well as know how to use diagrams correctly for such purposes. In other words, 
students need to have a clear sense that using diagrams in problem solving is “worth 
the effort” and that they “can do this” (without too much difficulty). The provision 
of verbal encouragement to use diagrams appeared to effectively facilitate the 
former, and the skills training for drawing diagrams appeared to do the same for the 
latter. 

4.1   Contributions to Diagrams Research 

The useful contribution of the present study to diagrams research is that it identified a 
possible teaching method for improving students’ spontaneity in using diagrams when 
solving math word problems. Although reports and observations from educational 
practice have previously highlighted the problem of students’ lack of spontaneity in 
diagrams use, and some of the contributing factors to this problem have been identi-
fied, no concrete instructional methods for addressing the problem had been put for-
ward prior to the present study. The findings of the present study provide some indi-
cation of how an autonomous learner with a sufficiently positive attitude to learning 
(i.e., process oriented) can be developed through instruction to more spontaneously 
utilize external resources (i.e., diagrams) in appropriate situations (i.e., when problem 
solving). 
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The problem – about students not using diagrams spontaneously even when they 
have lots of opportunities to observe their teachers using diagrams during classroom 
instructions – is one that had not been dealt with in previous research. It is important, 
however, to seek viable solutions to this problem as spontaneity is an indispensable 
first step in the autonomous use of self-constructed diagrams – and, as noted earlier, 
prior research has shown self-constructed diagrams as being powerful heuristics in 
problem solving [e.g., 4, 5, 6]. As positive outcomes were obtained from the strategies 
employed in the present study, it provides an initial step towards the development of 
solutions to the identified problem. 

The finding of this study about students’ process/outcome orientation working as a 
covariant suggests that the effects of the intervention used for enhancing students’ 
spontaneous use of diagrams were affected by the students’ beliefs about learning. 
The effects of this kind of general belief about learning had not previously been ex-
amined in research involving diagrams. It suggests that students who regard the pro-
duction of the correct answer as being the sole objective of learning would not benefit 
as much from the provision of the intervention used. Future investigations will need 
to examine in more detail the mechanisms involved in process/outcome orientation 
affecting the use of diagrams. 

4.2   Contributions to Educational Practices 

The findings of this study also draw attention to the incorrectness of the assumption 
that, in teaching, demonstration alone is adequate. In the present study, even though 
the teacher in the control group demonstrated with the use of diagrams in providing 
instructions, the resulting spontaneity of diagrams use for this group was lower than 
that for students in the conditions with teacher-provided verbal encouragement and 
skills training. However, the assumption that demonstration is enough tends to perme-
ate most areas of educational practice, from teaching the very basics of reading and 
arithmetic to young children, to the delivery of lectures to college students. Talking 
and demonstrating to students are assumed to be the basic – and sometimes the only – 
mechanisms for instigating developments in the knowledge and skills students pos-
sess. This is despite previous research findings about the limited efficacy of the dem-
onstration method on its own. For example, in arithmetic instruction for students with 
learning disabilities, the addition of imitation as a step to promote the actual acquisi-
tion of the procedures in question [see, e.g., 30] and process mnemonics as a method 
for enhancing retention of those procedures [31] have been reported as being effec-
tive. As the findings of this study suggest, students benefit from additionally knowing 
“why” (they should use a particular strategy) and knowing exactly “how” (to use that 
strategy), and simply demonstrating to them is not enough to facilitate these. 

It would be useful in future investigations to examine more closely the effects re-
sulting from the additional manipulations provided in this study to enhance spontane-
ity in diagrams use. For example, participants in the condition with skills training 
were 1) compelled to construct diagrams when attempting to solve the problems given 
in the final worksheet, 2) asked to reconstruct diagrams that the teacher had used  
on the board in demonstrating how to solve each of the problems, and 3) provided  
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additional feedback when they made errors in the diagrams they used. Which of these 
additional manipulations contributed most to the spontaneous use of diagrams was not 
examined in this study. In addition, although this study investigated the factors pro-
moting spontaneous use of diagrams and proposed a concrete method for teaching, 
there is no guarantee that the method would work in natural settings like the social 
context in schools. Uesaka et al. [16], for example, suggested that providing opportu-
nities for students to communicate with the use of diagrams would promote subse-
quent spontaneity in the students’ use of diagrams. More ecologically valid teaching 
method including considerations of some of the factors noted is another possible di-
rection for future research. 
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Appendix 1. Examples of Problems Used in Instruction Session 

Example of Picture Problem Used 
Masashi decided to measure the height of his bed. First he used one-fifth of a string, and 
found it was 22 cm shorter than the height of the bed. So he measured again by using one-
third of the same length of string, and found this time that it was 2 cm longer than the height 
of the bed. How high was his bed?  

Example of Bar Chart Problem Used 
Hiroko examined the numbers of the students in her high school. The number in the 1st grade 
was 15 students fewer than 36% of all in the school, and the number of students in the 2nd 
grade was 7 students more than in the 1st grade. Finally, the total in the 3rd grade was 4 
students fewer than 34% of all students. At this time, how many students were there in the 
2nd grade?  

Example of Table Problem Used 
200 handkerchiefs were put out for sale at 300 yen. But not many handkerchiefs were sold at 
this price. The price was therefore changed to 220 yen. Then the rest of the handkerchiefs 
were sold. The total money from selling all of the handkerchiefs was 46,400 yen. How many 
handkerchiefs were sold at 300 yen?  

Appendix 2. Problems Provided at Post-Instruction Assessment 

Tree Problem (One of the Picture Problems) 
There is a big tree in Takashi’ house. The height of his father, mother and him are 50%, 39% 
and 31% of the tree. One day, a hat was blown away and was caught on the tree. Someone 
examined the height of the hat, and found that the father’s height was 92cm shorter than the 
place where the hat was caught, and even the total of Takashi’s and his mother’s height was 
20 cm shorter than where the hat was. How tall was the point where the hat was caught?  

Weight Problem (One of the Bar Chart Problems) 
There are three people, called A, B and C, and they examined their weight. When D asked 
about the result, one of them replied as follows: “The weight of C is 35% of the total of the 
three people. B is 2 kg lighter than C, and A is 5 kg lighter than B”. How heavy was A? 

Video Problem (One of the Table Problems) 
A community center sometimes shows videotapes for children. There are 2 kinds of video-
tapes and one type is 120 minutes and another is 180 minutes. Someone investigated how 
many tapes were used in one year. The result showed the ratio of the longer tape to the 
shorter tape was 4:1. In addition to this, someone examined the total showing time. It re-
vealed that the difference between the total showing times of the longer tape and the shorter 
tape was 24,000 minutes. How many longer tapes were shown in that year? 
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