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Abstract: The purpose of the current study is to examine the map reading skills of 

Social Studies pre-service teachers with orienteering, which is an activity-based 

and more active practice. To this end, a total of 10 students attending the 

Department of Social Studies Teaching in the Education Faculty of Burdur Mehmet 

Akif Ersoy University and taking the course of Map Skills and Applications were 

selected. An analytical rubric consisting of four criteria and scored in four 

categories was used to collect data in the study. The content validity of the 

developed rubric was calculated with the Davis Technique and it was thought that 

sufficient evidence was obtained for the content validity. During the orienteering 

activity, the map reading skills of the students were scored by 5 raters with this 

rubric in terms of four criteria, direction/location, recognizing signs/symbols, using 

landforms and managing time. They were examined with the many-facet Rasch 

model (MFRM). Map reading skills were evaluated according to the 

severity/leniency of the raters and the difficulty of the students in exhibiting the 

behavior. The results of the analysis showed that the agreement between the raters 

was found to be good. It was also concluded that the most difficult skill is 

determining direction/location and the easiest skill is using landforms. 

1. INTRODUCTION 

It is very important for students to gain map reading skills in terms of making sense of the space 

(Kızılçaoğlu, 2007). This is because space refers to places where people conduct activities and 

gain experiences. It has different meanings according to the way it is perceived and evaluated 

by the individuals living in it (Tümertekin et al., 2019, p.49). One of the indispensable 

indicators of perceiving the space and constructing it in the best way is the skill of reading a 

map (Kızılçaoğlu, 2007). In this sense, spatial perception is an important step for individuals in 

the concrete interpretation and evaluation processes and is presented as a skill in the educational 

environment. Subjects related to the perception of space in the elementary education period are 

generally included in the scope of social studies courses (Sönmez, 2010). Given that the 
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attitudes and behaviours acquired in this period will be the basis for students throughout their 

life, it can be seen that social studies courses have an important area of influence in the 

development of spatial perception (Öcal, 2007). In order for students to acquire basic 

information such as determining routes and directions and locations, comprehending the 

geographical information in the place where they are located, and adapting to the place they 

live in, their spatial perceptions should be improved (Safi, 2010).  

To make sense of and use spatial perception the most basic and most used tools are maps 

(Ertuğrul, 2008). Therefore, it is very important to understand and interpret maps as educational 

materials (Dong et al., 2018). In the social studies course; materials such as maps, graphics and 

tables are expected to be used in terms of using, organizing and developing the information. In 

order to understand the given information easily, students should be able to read maps, graphics 

and tables (Kıroğlu, 2006; Pala & Başıbüyük, 2019). A map is a tool that is frequently used not 

only in teaching the subjects in the social studies course, but also in daily life (Abbak, 2021). 

For example, the coordinate system is the basis of navigation used by many groups of people 

such as travelers, hikers, and mountaineers, to reach their destinations. In addition, the excess 

of opportunities provided by unmanned aerial vehicles and satellites and the transition from 

paper maps to maps with digital content (Carbonell-Carrera & Bermejo Asensio, 2016; 

Carbonell-Carrera et al., 2017) has increased the inclination of the cognitive field experts 

interested in geography, psychology and spatial thinking (Bednarz et al., 2006; Newcombe et 

al., 2013). In today's world, it is more important for individuals to know how to do it than to 

know everything. For this reason, it is expected from schools to raise the number of individuals 

who enjoy learning, creating, producing, thinking critically, and making connections between 

events (Pala & Başıbüyük, 2019. The importance of this issue is noticed with the intensity of 

the studies on map skills in the field of social studies (Aksoy & Ünlü, 2012; Aktürk et al., 2013; 

Alım & Girgin, 2012; Bahar et al., 2010; Buğdaycı & Bildirici, 2009; Darakçı, 2014; Demirci 

et al., 2013; Güneş & Öztürk Demirbaş, 2020; İncekara et al., 2008; Kaymakçı, 2015; 

Kızılçaoğlu, 2007; Kızılçaoğlu & Ünlü, 2008; Koç & Karatekin, 2016; Koç et al., 2017; Özcan 

& Uzun, 2016; Sönmez & Aksoy, 2012; Sönmez & Aksoy, 2013; Taş, 2006; Taşlı et al., 2007).  

When the studies are examined, it can be said that the mapping skills of the students are at a 

moderate level, therefore, there is a need for applications and materials that can improve their 

mapping skills. Akengin et al. (2016), in a study in which Social Studies teachers' opinions 

were taken, stated that teachers use narrative and question-answer methods to improve their 

mapping skills in lessons. In the study, he stated that in the 21st century, in accordance with the 

constructivist approach, more active learning methods should be included in which more 

students will be active. Orienteering can be considered one of these applications because 

orienteering, due to its nature, has the potential to provide map reading skills within the scope 

of geographical skills while having fun and racing (Arıkan & Aladağ, 2019). 

1.1. Map and Map Skills 

Maps, graphs and diagrams take an active role in the design and presentation of learning in 

today's education system. (Schnotz & Kulhavy, 1994). In addition, it is seen that maps are also 

used in the visual presentation of certain elements and data in many fields such as industry, 

politics, tourism, agriculture, etc. (Sarıgül, 2021). Due to the wide coverage of the maps and 

the differentiation in the way each area of expertise uses maps, it makes it very difficult to come 

up with a common definition of the map. According to ICA (International Cartographic 

Association), a map is a symbolized representation of geographical reality, representing 

selected features or characteristics resulting from the creative effort of its author’s execution of 

choices, and is designed for use when spatial relationships are of primary relevance (URL 1).  

Map skills are classified with different terms in the literature (Borich & Bauman, 1972; 

Carbonell-Carrera & Medler, 2017; Stumpf & Eliot, 1999;). With the use of maps and different 
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forms of cartographic representation and geo-referenced information, spatial orientation has 

become the most widely used one of these terms (Carbonell-Carrera & Medler, 2017). Spatial 

orientation is defined as the ability to navigate physically or mentally (Carbonell-Carrera & 

Medler, 2017; Maier, 1996;). Another commonly used term is spatial thinking (Atayeter et al., 

2018; Bednarz, 2001; Gersmehl & Gersmehl, 2007; Jo, 2011; Lee, 2005; Sönmez, 2019, p. 219; 

Şanlı, 2021; Şanlı & Sezer, 2019). The report prepared by the National Research Council (NRC) 

has made an important contribution to the formation of the theoretical background of this 

subject. In this report, spatial thinking is defined as “a skill consisting of spatial concepts, 

representation tools and cognitive processes” (Şanlı, 2021). Spatial concepts refer to the 

terminology used for the description, perception and association of objects (Jo, 2007; Jo & 

Bednarz, 2014a; 2014b). The concepts frequently used in this terminology are “location, map, 

region, distribution, information, scale, navigation, symbology, coordinate, distance, area, 

direction, geographic data, overlay, buffer, contour, aspect” (Huynh & Sharpe, 2013; Şanlı, 

2019; 2020; Ünlü & Yıldırım, 2017). Sönmez (2010) classified mapping skills under six sub-

headings from concrete skills to abstract skills. These are the ability to understand and interpret 

symbols, to read and interpret maps, find directions, determine location coordinates, to use 

scales and measure distances. 

1.1.1. The ability to understand and recognize symbols 

Maps contain a whole consisting of points, lines and symbols (Sönmez, 2010). Various colors 

and symbols are also used while creating maps (Ünlü, 2021, p. 388). This whole consisting of 

colors and symbols is called the symbology of the map (Wiegand, 2006, p. 10). Abstract 

thinking and generalizations must be made in order to make sense of symbols by individuals 

(Bednarz et al., 2006). Thus, individuals can interpret the information encoded on the map in a 

whole sense in the context of events, facts and features (Ünlü, 2021, p. 388). 

1.1.2. Map reading and interpretation skills 

Map reading is the process of obtaining simple information from the map as a result of a 

complex process such as getting information from the map and using the map as a result of this 

mental process by using map skills at the same time (Sönmez, 2010; Ünlü, 2021, p. 388; 

Wiegand, 2006, p. 10). Map reading skills are seen as a cognitive process that enables the 

interpretation of information in the mind by including the information on the map with 

psychological processes, interests, purposes, abilities and external factors in the process 

(Koláčný, 1969; Ooms et al., 2016). 

1.1.3. The ability to find direction 

While traveling on a little-known or unknown route, the desire to seek in the process between 

the start and the destination is the ability to find direction (Golledge, et al., 2000; Wiegand; 

2006, p. 19). It is seen that the wayfinding process occurs in three stages: cognitive mapping, 

wayfinding planning and movement (Chen & Stanney, 1999). The way-finding process, which 

occurs as a result of these three stages, is realized by the accumulation of geographical 

knowledge in the immediate environment of individuals and by systematic knowledge 

production (Murakoshi, 1997). 

1.1.4. Determination of coordinate position skill   

Location is the holistic evaluation of latitude, longitude, parallel, meridian and equator points 

together with the numerical and angular value components given on the maps. They are the 

processes of making inferences by associating the current location on the map and its immediate 

surroundings (Çepni, 2019, p. 367; Sönmez, 2010; Ünlü, 2021, p. 388; Wiegand, 2006, p. 150). 
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1.1.5. The ability to use scale 

Maps are tools that systematically represent the distances between different spaces (Bartz, 

1970). The ability to use scales is one of the most important sub-dimensions of the map skill 

that guides map reading in reaching the right distance and understanding spatial relationships 

as a result of the ratio of the real distance in the world and the distance on the map (Meyer, 

1973; Ünlü, 2021, p. 388; Wiegand, 2006, p. 10). 

1.1.6. Distance measurement skill 

It is the reduction of the distance values given between two or more points by the map ratio, 

converting or proportioning them to the actual distance with the help of calculations using the 

map scale (Demiralp, 2006; Ünlü, 2021, p. 388). 

1.2. Orienteering 

Orienteering is defined as a sports activity in which individuals interpret the cartographic 

symbols given for a particular terrain, and during this interpretation, skills such as spatial 

perception, environmental cognition, analytical thinking and critical understanding are used in 

an integrated manner (Wilson, 2017). Orienteering is actually a branch of sport but it can also 

be considered an educational game to be used in educational activities. Orienteering not only 

makes it possible for students to have a good and productive time, but also enables them to 

develop their geographical skills (Candan, 2019). According to Baitan (2022), it has been 

emphasized that the use of maps and compasses, map perception and map comprehension skills 

are more developed in individuals dealing with orienteering from a young age. Orienteering 

activities, which are effective tools in out-of-school learning environments and map studies 

(Adams, 1972), also provide students with environments of learning by doing and experiencing, 

provide the opportunity to achieve objectives set for geography subjects in an enjoyable way 

and make permanent learning more effective (Candan, 2019).   

1.3. The Purpose and importance of the research 

It is seen that studies have been carried out on many subjects such as map skills, location 

analysis, and spatial perception in higher education (Balcı, 2015; Koç & Karatekin, 2016; 

Özcan & Uzun 2017). In addition, in the literature, it is seen that map reading skills have been 

assessed mostly by using interview methods (Akkuş & Kuzey, 2018; Balcı, 2015), self-efficacy 

scales (Özcan & Uzun, 2017), achievement tests (Arıkan & Aladağ, 2019; Koç & Bulut, 2014; 

Koç & Karatekin, 2016; Sönmez & Aksoy, 2012). In international studies (Atit et al., 2016; 

Ooms et al., 2016), it was seen that map skills were examined with optional tests. However, no 

application has been found in higher education in which map skills activities are evaluated 

based on performance and scored with rubrics in out-of-school environments. In performance 

evaluation, the student is expected to create an answer, put forward a product or perform an 

activity, rather than choosing from predetermined options (Darling-Hammond et al., 2010). 

Since orienteering is defined as a sport that requires finding the targets marked on the map of 

the same terrain in the shortest possible time using the map and compass in unknown terrain, it 

can be considered to be related to the concept of performance. For this reason, raters need to 

make quick decisions in real time in the evaluation of performance. Unless the measurement 

tools used during the evaluation are objective, specific and reliable, the evaluation and 

interpretation of the performance remain essentially subjective (Carlin & Louis, 2008). In case 

of differences in the value judgments of raters, it is inevitable that unreliable scores will emerge 

in the scores (Baird et al., 2013). In order to eliminate this limitation of classical approaches, 

the researchers suggested using the Many-Facet Rasch Model [MFRM] in cases where there is 

more than one rater. MFRM is also considered to be a more powerful psychometric model than 

Classical Test Theory in terms of features such as determining the interactions between 

different error sources (Haiyang, 2010) and taking into account more than one error source at 
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the same time. It also provides information at the individual level rather than the group level 

for raters or students (Barkaoui, 2008).  

In the current study, it is aimed to evaluate the map skills of the students studying in the Social 

Studies Teaching Undergraduate Program during the orienteering practice The skills were 

scored with a rubric and analysed with MFRM. In this context, the consistency, severity and 

leniency of more than one rater and the skills that students had difficulty in reading maps were 

examined. The limited number of studies worldwide, especially at the higher education level 

(Ooms et al., 2016), makes this study important. It is thought that this activity and performance-

based study will contribute to the field in terms of providing measurement and evaluation 

opportunities in out-of-school environments. In addition, it is anticipated that the study will 

attract attention, since no study has been found on the use of MFRM in the evaluation of 

performance in the field of Social Studies. For this purpose, the questions to be answered in the 

research are as follows: 

1) Which skills are difficult and easy for students in terms of map reading with oriente-ering? 

2) What is the severity and leniency behavior of the raters in the evaluation of map rea-ding 

skills with orienteering? 

3) What is the central tendency behaviour of the raters in the criteria taken into consi-deration 

for map reading skills? 

4) What is the biased behavior of the raters? 

2. METHOD 

In this study, it was aimed to examine the map reading skills of Social Studies pre-service 

teachers with the Many-Facet Rasch Model. For this purpose, the skills in which the students 

had difficulty and the scoring behaviors of the raters were examined. Therefore, this is a 

descriptive study in which the existing situation is tried to be described (Büyüköztürk et al., 

2019; Karasar, 2005). 

2.1. Study Group 

The study group of the current research is comprised of a total of 10 students attending the 

Department of Social Science Education in the Education Faculty of Burdur Mehmet Akif 

Ersoy University and taking the course of Map Skills and Applications. The ethical committee 

approval was obtained from the Non-interventional Clinical Research Ethics Committee at 

Burdur Mehmet Akif Ersoy University (GO 02/2022/472). The participants were randomly 

selected from among the students who take the Map Knowledge and Applications course in the 

Department of Social Science Education. Of the participating 10 students, 5 (50%) are females 

and 5 (50%) are males. In this study, orienteering activities were conducted in an area of 

approximately 5.7 hectares, where landforms were densely located, rather than a school garden 

or classroom due to the age level of the participants. The study was limited to 10 students 

because the area was large, and it took a long time to complete the track for each student and 

to prepare the next student. In the current study, 5 raters were included to evaluate map reading 

skills with orienteering activities. The raters are Social Science Education and Geography 

Department instructors and an orienteering specialist.   

2.2. Data Collection Tool 

In the current study, an analytic rubric was used. The use of an analytical rubric is recommended 

where the attribute to be measured can be broken down into components. In map reading, 

individuals are expected to be able to interpret, analyze and evaluate by establishing a 

relationship with the place on the map based on the signs (legends) and symbols on the map 

(Sönmez, 2010, p.105). This skill is important for individuals to perceive the space and establish 

a space-event connection (Akengin et al., 2016). At the same time, the speed in understanding 
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the map can be accepted as an indicator of the development of this skill. Speed is an important 

factor in map reading skills (Lobben, 2007). The studies on speed in map reading skills 

(Lobben, 2007) show that its effect on spatial orientation and positioning is also examined by 

making evaluations on eye movement measurements for the development of speed (Dong et 

al., 2018). In this respect, map literacy has a structure suitable for division into components. 

Therefore, it was found to be suitable to develop an analytic rubric in the current study. 

In this study, a track was prepared to evaluate the map reading skills of the students through 

orienteering activities. In order to complete the track, the students were expected to reach a total 

of 5 targets. During this process, the students were expected to demonstrate basic skills in map 

literacy such as holding the map, finding location/direction, recognizing signs and symbols, 

using landforms, and managing time. In the literature, it is stated that individuals employ some 

competencies, when they come up with the map. These skills are map reading and interpretation 

(Ooms et al., 2016; Ünlü, 2021, p. 388), making sense of signs and symbols (Sönmez, 2010; 

Ünlü, 2021, p. 388), finding the direction (Golledge et al., 2000), coordinate and location 

determination through landforms (Çepni, 2019; Wiegand, 2006, p. 150), using the scale and 

measuring the distance (Ünlü, 2021, p. 388). Therefore, these skills were considered as the 

criteria expected from the students and a rubric was prepared accordingly. In addition to ensure 

the validity of the criteria, a pilot study was conducted with 2 different students who took the 

course before. During the pilot study, the competencies were classified by taking expert 

opinions according to the skills used by the students.  

In the selection of the track, attention was paid to selecting the points where the students could 

apply their geographical skills, recognize the landforms in the area and calculate the distance 

between the targets, and the professional orienteering map drawn by the Orienteering Burdur 

Provincial Representative was used as the map. Legal permissions were obtained from the 

relevant unit for the use of the map. The students’ ability to reach the targets by using the map 

along the track was scored with the rubric. The most important advantage of this tool is that it 

provides detailed information for each performance component.  

The criteria to be used in the study are listed as items: 

1) Basic skills (holding map, finding location/direction) 

2) Recognizing signs and symbols (legends)  

3) Using landforms and  

4) Managing time (This skill was added as a criterion due to the nature of both map reading 

and orienteering). 

In this study, it was decided to use 4 degrees in order to prevent overlap between degrees in the 

rubric and to reveal the difference between students.  The lowest attribute regarding 

performance was defined as 1 point (beginner level), and the highest attribute was defined as 4 

points (fully successful). 

2.2.1. Taking expert opinion and pilot application 

The prepared draft rubric was sent to 4 experts (1 specialized in the field of Social Science 

Education, 2 specialized in the field of Geography, and 1 specialized in the field of Turkish 

Education). In line with the suggestions from the experts, some corrections were made on some 

attributes and the rubric was given its final form. Afterwards, 2 students who had previously 

taken a map skills course were observed in the orienteering track and were scored with the draft 

rubric by two raters. In line with the results obtained from the pilot application, some 

corrections were made to the rubric. Opinions about the criteria and attribute in the rubric were 

received from 7 experts, including 1 measurement and evaluation expert, 3 geography faculty 

members, 1 orienteering specialist, 1 social studies faculty member and 1 social studies 
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graduate student. The experts were asked to evaluate the criteria and attributes in the following 

four categories; 

1) The item represents the attribute measured  

2) The item needs minor revision   

3) The item needs major revision and 

4) The item does not represent the attribute.  

Davis’ (1992) technique was considered for the content validity index (CVI). The CVI values 

were obtained by dividing the number of respondents to the 1st and 2nd categories among the 

experts by the total number of experts. As the CVI value was found to be higher than 0.80, it 

was concluded that the content validity is acceptable (Davis, 1992; as cited in Yurdugül, 2005). 

A minimum of 3 and a maximum of 20 experts are recommended for this technique.   

Table 1. Content validity index (CVI) of the rubric. 

Criteria CVI 

Basic skills 1.00 

Recognizing signs and symbols  0.85 

Using landforms  1.00 

Managing time 1.00 

According to Table 1 as a result of the content validity study, the experts mostly evaluated the 

items in the first or the second category. Only in the criterion of using landforms, corrections 

in the third category were suggested by an expert for the 2nd attribute, so the CVI value was 

found to be lower than the other criteria. However, since the CVI values were above 0.80, it 

was thought that sufficient evidence was obtained for the content validity of the rubric, and it 

was decided to include the criteria and attributes in the rubric. At this stage, minor revisions 

were made in line with the suggestions. 

2.3. Data Collection Process 

In order to examine the orienteering map reading skills of the pre-service social studies teachers, 

a track was prepared in the region located in the Burdur Central City Forest. Orienteering is a 

sport that aims to reach the targets positioned on the map of a place which is previously 

unknown with the help of a map and compass as soon as possible (Tanrıkulu, 2011). It is among 

the skills that individuals should have in line with some daily needs such as reading maps or 

finding a location on the map or reaching the target by finding direction in the land (Tuna & 

Balcı, 2013; Ünlü & Yıldırım, 2017). For this purpose, each student was taken to the track one 

by one. Any student did not see another student going to the track. Five raters observed the 

student who went on the track by moving simultaneously with the student on the track. The 

raters were not affected by each other at this stage; they only observed the student’s state of 

reaching the targets and scored at the same time. In this study, the ideal time to complete the 

organized track was taken to be 18 minutes.  This time was determined in the pilot study by the 

experts by taking the average of the students' time to complete the track. 

The reason for the selection of this area was that it contained examples of many of the 

landforms. There were examples of landforms such as valleys, hills, streams and ridges in the 

area. The presence of these landforms in the area is important in terms of map reading skills, as 

they facilitate the determination of the reference point. In addition to using the landforms, the 

students were expected to complete the track according to the targets on the map by reasoning 

on the basis of the signs and symbols on the map, making quick decisions and determining the 

distance. Speed tests in map reading (Dong et al., 2018; Lobben, 2007) are important for 

decision-making, spatial perception and orientation through space. When there is no time limit, 
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it is possible for students to reach the end of the track knowingly or unknowingly. Considering 

this factor, a time limit was set for the completion of the track, and they were expected to reach 

the final target within this time limit. 

Before implementation, the raters were trained by researchers on the use of analytical rubrics 

to ensure the validity and reliability of the scoring. At this stage, the use of criteria and attributes 

in the analytical rubric and the errors that may interfere with scoring were emphasized. Another 

point considered in the study is that raters do not communicate with students. Since 5 raters 

followed the students at the same time and the raters did not know the students, it was thought 

that the error regarding bias was reduced as much as possible. 

2.4. Data Analysis 

In this study, MFRM was used to analyze student ability, the difficulty of tasks, 

severity/leniency and bias of the raters in the analysis of data scored with a rubric. Three facets; 

student (n=10), task (n=4) and rater (n=5), were determined for the analysis of the data. For 

MFRM, Minifac (FACETS) program was used.  

2.4.1. Facet Rasch Model (MFRM) 

MFRM (Facet model, Linacre, 1994, p. 129) is a measurement model which is an extension of 

the one-parameter Rasch model and which enables a detailed analysis of the variables that may 

have a potential impact on testing or assessment. MFRM models the score given to the student 

as a function of more than one variable. In this respect, it is similar to regression models. In this 

model, each of the sources of variability (facets) that affects the performance of individuals, 

such as the student’s probability of success in an item, the individual’s ability, the difficulty of 

the item, or the severity/leniency of the rater, is included in the model as an independent variable 

(Randall et al., 2009). The model is expressed by the following formula for three facets 

(individual, task and rater) (Eckes, 2009; Linacre, 2021; Randall et al., 2009). 

ln(𝑃𝑛𝑖𝑗𝑘/𝑃𝑛𝑖𝑗(𝑘−1)) = 𝐵𝑛 − 𝐷𝑖 − 𝐶𝑗 − 𝐹𝑘      (2) 

Pnijk: the probability that the individual n will get the score k from the rater j in task i, 

Pnij(k-1): the probability that the individual n will get the score k-1 from the rater j in task I, 

Bn: ability of the individual n, 

Di: item difficulty level of task i, 

Cj: severity level of rater j,   

Fk: difficulty of scale category k relative to scale category k-1. 

MFRM summarizes the scoring patterns as the main effects of rater, task, individual, and other 

facets, if any. In this model, the contribution of each facet and whether it works as expected or 

not can be examined independently of the other facets.  MFRM can show the effects of different 

elements on the facets at the individual level (Myford & Wolfe, 2003).  

In more detail, it can provide information about which raters are more severe or lenient, which 

raters do not use the scoring criteria consistently, and which tasks are more difficult to score. 

At the same time, with the bias analysis, MFRM answers the questions of whether the rater’s 

severity is constant in the subgroups, whether it changes with time, and whether the severity 

changes according to the rater type and the task/item type.  

MFRM can cover many models such as rating scale, partial credit, the linear logistic, and mixed 

Rasch (Eckes, 2009). The Rating Scale Model (RSM; Andrich, 1978) was used in the current 

study. 
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3. FINDINGS 

For model-data fit, less than about 5% of the standardized values (z-score) of the data used in 

the analysis must be greater than or equal to 2 in absolute value, or less than 1% of them must 

be greater than or equal to 3 in absolute value (Linacre, 2021).  In this study, 0.5% of the total 

standardized values (standardized residual is 3.2) [1 out of 200 (10 students x 5raters x 4tasks)] 

are outside +/- 3 intervals. In addition, the ratio of the standardized value outside +/- 2 intervals 

is 3% (standardized residual are 2.36, -2.79, -2.21, -2.04, -2.63, -2.04) [6 out of 200 (10 students 

x 5raters x 4tasks)]. Therefore, it can be said that model data fit is achieved. The Facets program 

theoretically offers a logit scale (variable map) ranging from -∞ to ∞. On this scale, when the 

rater facet is negatively oriented, positive logit values indicate severe scoring (low score) and 

negative logit values indicate lenient scoring (high score) for the rater. When an individual facet 

is positively oriented, positive logit values for individuals indicate high ability. On the other 

hand, for the negatively oriented item or task facet, higher values indicate more difficult items 

(Güler, 2014; Randall et al., 2009). 

In Figure 1, the logit scale obtained from the MFRM analysis is given as “Students”, “Tasks 

(dimensions of expected behaviours from students)” and “Raters”.    

Figure 1. Logit scale for three facets. 

 

In Figure 1, in the column where the students are located, it is seen that student number 4 is the 

most successful and student number 2 is the most unsuccessful. In the task (criteria/skills) 

column, which includes expected behaviours in students’ map reading performances, it is seen 
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that the most difficult skill to be performed by students is the “basic skills (holding map/finding 

direction and location)”, followed by the skills of “recognizing signs/symbols and calculating 

distance”. It can be said that the skills most easily performed by students are “using landforms” 

and “managing time”. According to the measurement results regarding the raters, the rater who 

scored the lowest and exhibited severe scoring behaviour was the 3rd rater, and the rater who 

scored the highest and showed lenient scoring behaviour was the 4th rater. Measurement reports 

related to all the facets are given in Table 2, Table 3 and Table 5 for individuals, tasks and 

raters, respectively.  

Table 2. Measurement report for the students. 

Students Measure St. error Infit Outfit 

4 2.03 .41 .92 .77 

5 .97 .28 .78 .77 

7 .94 .27 .60 .58 

1 .66 .26 .39 .39 

8 .40 .25 1.35 1.35 

10 .28 .25 2.20 2.22 

9 .16 .25 .75 .76 

3 -.83 .28 .38 .38 

6 -1.08 .30 1.18 1.24 

2 -1.89 .40 1.14 1.25 

Mean .16 .29 .97 .97 

St. Deviation  1.15 .06 .54 .56 

Reliability = .93, Separation index = 3.68, RMSE= .30, Chi-square = 97.7, SD = 9, p = .00 

In Table 2, the results of the analysis regarding the map reading skills of the students are listed 

from the most successful student to the most unsuccessful student. As Table 2 shows, the logit 

values of students measures vary between -1.89 and 2.03. The student with the highest map 

reading skill is number 4 and the student with the lowest map reading skill is number 2. The 

infit and outfit statistics in Table 2 show the degree of fit between the data and the model and 

the sensitivity to unexpected responses (Kaya Uyanık et al., 2019). Infit and outfit values are 

expected to be 1.00. However, it is stated in the literature that the range between 0.5 and 1.5 is 

acceptable (Linacre, 2021; Turner, 2003). Accordingly, it can be said that the infit and outfit 

indices of the students numbered 1, 10 and 3 are outside the specified range and thus, these 

students did not exhibit an acceptable performance. It is seen that the separation index obtained 

as a result of the analysis is 3.68 and the reliability index is .93. The reliability of the separation 

index for facets takes a value between 0 and 1, while the separation index ranges from 1 to 

infinity. The reliability of the separation index is similar to Cronbach’s Alpha coefficient but 

the interpretation of these values varies according to the facets (Myford & Wolfe, 2003). For 

the student facet, the reliability of the separation index is expected to be close to 1.0 (Sudweeks 

et al., 2004). Reliability refers to how well the elements are discriminated against for reliable 

identification of a facet. The separation index refers to the values that show how much the 

elements on each facet are discriminated. Large differences between structures or elements 

within a facet provide high reliability of separation coefficients (Randall et al., 2009). The 

separation index and the reliability of this index are interpreted similarly. However, there is no 

upper limit for the separation index (Myford & Wolfe, 2003). The separation index for the 

student facet is expected to be large in order to reflect the difference between students 

(Sudweeks et al,2004). The results of the analysis show that the skill levels of the students can 

be reliably separated from each other. On the other hand, it can be said that there is a significant 

difference in the map reading skills of the students (χ2= 97.7, p<.01). 
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Table 3. Measurement report for the task (criteria/skills) included in the rubric. 

Criteria Measurement St. Error  Infit Outfit 

Basic skills (holding map/direction/location) .45 .18 1.09 1.26 

Recognizing signs and symbols .15 .18 .96 .96 

Managing time -.28 .18 1.29 1.09 

Using landforms -.32 .18 .60 .58 

Mean .00 .18 .99 .97 

St. Deviation .37 .00 .29 .29 

 Reliability = .77,  Separation index = 1.81,  RMSE= .18,  Chi-square = 12.9,   SD = 3,   p = .00 

As can be seen in Table 3, the most difficult criterion is “holding map/finding direction-

location” (.45 logit). This value can also mean that this is the criterion most severe scored by 

the raters. According to Table 3, the easiest criterion is “using landforms”. Infit and outfit 

indices for criteria are between 0.5 and 1.5. The separation index was found to be 1.81, and the 

reliability of the criteria in the rubric in terms of discriminating between the students was found 

to be 0.77. This measure indicates that raters are reliable to distinguish among criteria and the 

criteria were not equally challenging to the students (Sudweeks et al., 2004). Accordingly, it 

can be said that the difficulties related to the criteria differ significantly from each other 

(χ2=12.9, p<.01). The measurement report regarding the scoring categories (1-4) of the 

analytical rubric is given in Table 4. 

Table 4. Category statistics. 

“ Frequency (f) Percentage (%) Mean Measurement 
Expected 

Measurement 
Outfit 

1 40 20 -1.02 -1.07 1.0 

2 53 27 -.28 -.21 .9 

3 51 26 .50 .51 1.0 

4 56 28 1.15 1.11 .9 

Table 4 shows that the scoring categories of the task in the rubric were preferred at almost the 

same rate. The first category was preferred by 20%, the second category by 27%, the third 

category by 26% and the fourth category by 28%. This shows that there is no behaviour tending 

towards the centre (not overusing a certain category of the rubric) (Engelhard, 1994; Myford & 

Wolfe, 2003). 

Table 5. Measurement report for the raters. 

Rater Measurement St. Error  Infit Outfit 

3 .18 .20 .88 .78 

2 .10 .20 1.04 1.07 

5 .10 .20 .98 .89 

1 -.04 .20 .95 .95 

4 -.34 .20 1.09 1.17 

Mean .00 .20 .99 .97 

St. Deviation  .20 .00 .08 .15 

Reliability = .05, RMSE = .20, Discrimination index = .23, Chi-square = 4.1, df = 4, p=.39 

Inter-rater agreement opportunities: 400 Exact agreements: 269 = 67.2% Expected: 156.1 

39.0%, Rasch-Cohen’s Kappa = .46 
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In Table 5, it is seen that the most severe rater is number 3 (.18 logit) and the most lenient rater 

is number 4 (-.34 logit). When the infit and outfit indices are examined, it is seen that they are 

between 0.5 and 1.5 and they are acceptable. Unlike the individual and item facets, the 

separation index on the rater facet is expected to be close to zero (Linacre, 2021). The reliability 

of the separation index, on the other hand, reflects undesirable variability between raters in 

terms of severity/leniency. It is preferred that the separation index reliability is low for the rater 

facet (Myford & Wolfe, 2003). When raters don’t differ in terms of severity, the rater separation 

reliability will be close to 0. By contrast, when raters are of a highly dissimilar degree of 

severity, the rater separation reliability will be close to 1 (Eckes, 2015). In Table 5, the 

separation index for the rater facet is .23 and reliability is .05. This value indicates that the raters 

did not score differently from each other. In addition, the Chi-square value regarding whether 

there is a difference between the raters is not statistically significant (χ2 = 4.1, p>.05). 

Accordingly, it can be said that there is no significant difference between the raters in terms of 

severity/leniency. In Table 4, the observed (67.2%) and expected agreement values (39%) 

between raters are given. The Rasch-Cohen's Kappa statistic calculated based on the difference 

between these percentages (Observed%-Expected%)/(100-Expected%) was found to be 0.46. 

In the Rasch model, these values are required to be close to 0.00. If the Rasch-Cohen Kappa 

statistic is between 0.2 and 0.4, it can be said that there is a little more agreement between the 

raters than modelled (Linacre, 2021). 

3.1. Bias Interaction 

One of the most important advantages of MFRM is that rater biases can be determined by 

analyzing the interaction effects between all the surfaces included in the study. In this respect, 

the fact that the Chi-Square value is meaningful and the t-value is outside the range of ±2 are 

indicators of the differentiated rater severity/leniency behaviour, that is, the rater bias (Eckes, 

2009). In this study, the findings of 3 interaction types, rater x student, rater x task and student 

x task, were given. There were 50 interactions for the rater x student interaction (N=5 and 

N=10). The bias results showed that the t-values remained between the ±2 limits, with the 

smallest and largest -0.72 and 0.83 values, respectively, and that the rater x student interaction 

was not statistically significant (χ2 = 9.1, d.f. =50 p>.05). For the rater x task interaction (N=5 

and N=4), it was seen that the t values of a total of 20 interactions were in the range of ±2, the 

smallest and largest -0.81 to 1.39, and were not statistically significant (χ2 = 6, d.f. =20 p>.05). 

Finally, it was observed that 5 (39.25%) of the 40 interactions (N=10 and N=4) for the student 

x task interaction were outside the ±2 range of the t-value. The interaction results obtained 

biased were given in Table 6. 

Table 6. The t-values that are meaningful in student x task interaction. 

Student Task 
Expected 

value 

Observed 

value 
Bias St. error t value 

8 Basic skills (holding map/direction/location) 12.10 7 -1.66 .75 -2.20 

5 Recognizing signs and symbols 15.67 11 -1.15 .50 -2.28 

6 Basic skills (holding map/direction/location) 7.35 12 1.45 .49 2.98 

2 Basic skills (holding map/direction/location) 6.13 9 1.47 .57 2.58 

10 Managing Time 14.66 5 -3.76 1.44 -2.62 

According to Table 6, it is seen that the 8th, 5th and 10th students performed lower than 

expected (t = -2.20, t = -2.28 and t = -2.62) in “basic skills”, “recognizing signs and symbols” 

and “managing time” tasks, respectively. The 6th and 2nd students, whose t-values were 

obtained as 2.98 and 2.58, respectively, performed higher than expected in the task called basic 

skills. 
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4. DISCUSSION and CONCLUSION 

In this study, it was aimed to evaluate the map skills of Social Studies pre-service teachers 

scored with a rubric during orienteering activity with the Many Facet Rasch Model. In this 

context, the data were evaluated according to the severity/leniency of the raters and the 

difficulty of the students in exhibiting the behaviour. 

The result of the MFRM analysis in the study was related to the difficulty level of the criteria 

in the rubric. It was seen that the most difficult criterion in map reading skills (the most severe 

scored skill in map reading skills) is “basic skills (holding map, finding direction/location)”. 

The first thing to do in reading maps is to hold the map correctly and place it in the space 

according to the direction of the map. A map that is not placed according to its direction in the 

space is difficult to help the individual. It is essential for individuals to be able to determine 

their exact location in order to make geographical applications in the space. The results obtained 

from this study showed that students had difficulties in determining direction/location. Tuna et 

al. (2012) similarly stated that individuals in different education, age and gender groups in 

Türkiye are poor at reading maps, determining the exact location and placing the map in its 

original position. In addition, Carswell (1971) in his study on map-based information 

interpretation in the TTMS [Test of Topographic Map Skills] test related the deficiencies and 

problems in the students' ability to interpret maps with the inadequacy of teaching processes in 

educational environments. Streeter & Vitello (1986) stated that in map reading skills, students 

correctly form the direction and route they aim according to situations such as their daily 

preferences, habits, experiences and needs. Thus, it was seen that the individual needs of the 

students directly affect the creation of directions and routes in the use of maps. In line with the 

findings obtained in the current study, it was concluded that the second most difficult skill to 

be acquired by students is “recognizing signs and symbols”. Balcı (2015) argues that the 

individual should be able to read the scales of the maps he/she uses during his/her practices in 

the space. Individuals should be able to adapt the scale values on the map to the actual values 

in the space. The mistake made at this stage can create inconsistency in estimating distances. 

However, in his study, he stated that most of the pre-service geography teachers did not have 

difficulty in establishing a relationship between the scale of the map and the actual values 

during the field applications. The contradiction between the finding of the current study and the 

finding of Balcı (2015) is thought to be due to the fact that the number of geography courses 

taken by the pre-service social studies teachers is less than the number of students receiving 

education in the field of geography education. Ooms et al., (2012) stated that when the studies 

on eye tracking between students who took map skills courses and novices who had not 

previously received training on maps were examined, recognizing signs and symbols and 

mastering them (having taken the map skills course) had a positive effect on rapid decision-

making and interpretation processes in individuals. It was seen that the skill found to be the 

easiest by the students in map reading skills or scored most lenient by the raters is “using 

landforms”. In the studies (Çalışkan, 2015; Özgen, 2010), it is stated that the landforms in 

geomorphology, which is one of the basic disciplines of physical geography, are difficult to 

recognize and comprehend in the classroom environment. The reflection of topography on the 

map to make sense of the space is essentially related to spatial thinking skills (Yayla, 2019). 

Studies have shown that orienteering practices improve the ability to accurately recognize 

landforms (Tuna & Balcı, 2013). According to Wiegand (2006), since orienteering and scouting 

activities are generally voluntary activities, map education in these areas is limited. However, 

geography education given within the scope of a curriculum and map education in schools plays 

an active role in map teaching because they are systematic and programmed. At the same time, 

according to Gilhooly (1988), it is claimed that maps that provide contour information, provide 

permanence in the minds of individuals for longer periods in the process of learning the map 

and in developing mapping skills. The effective use of maps and the determination of landforms 
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with the isohypse method are also possible through orienteering applications (Görmez, 2021). 

Similarly, Balcı (2015) stated that most of the participants did not have difficulty in reading the 

landforms. The finding obtained in the current study is consistent with the literature.  

Another result of the study is that the skill of “managing time” was found to be easy by the 

students (scored lenient). In the current study, the students were asked to reach 5 targets in a 

period of 18 minutes in an area of approximately 5.7 hectares. While some participants used 

this time very effectively and quickly to reach the target and to complete the track, some 

participants could not complete it within the time limit and continued to search for the targets. 

In this connection, it was observed that there was a speed difference between the participants 

in terms of perceiving the space and interpreting it on the map. In some studies conducted on 

the basis of these differences, it has been seen that differences in quick thinking are an important 

parameter that creates individual differences in relation to neuro-physiological processes 

(Akcan, 2016; Sperdin et al., 2009). The time elapsed between the time the stimulus triggers 

and the time the response appears is called the “reaction time”. Reaction time reveals the ability 

to make quick decisions during the performance exhibited under the effect of space, time and 

other parameters in the environment (Akcan, 2016; Tamer, 2000). The existing research on the 

quick decision-making is focused on quick reading of maps by individuals (Lobben, 2007), eye 

movement measurement (Dong et al., 2018) and the importance of speed for map reading skills. 

In the current study, the skill of managing time was found to be easy by the students, which is 

thought to be because of the fact that the students used their eye movements effectively to use 

the orienteering map and tried to code the space in their minds in order to reach the targets 

quickly.   

As a result of the MFRM analysis, although raters were selected from different fields such as 

geography, tourism and orienteering, the reliability of the inter-rater separation index was found 

to be close to zero (.05). This result indicates that there is no difference between the raters. At 

the same time, the fact that the Rasch-Cohen’s Kappa statistic, calculated with the help of the 

values obtained from the model, had a value greater than 0.00, showed that the raters made 

consistent assessments and that the agreement between the raters was moderate (Eckes, 2009; 

Linacre, 2021). Thus, it was concluded that the reliability between the raters was established 

(Şata, 2019; Tobaş, 2020). Based on the results of the current study, it can be said that the use 

of analytical rubrics increases the level of objectivity by increasing the consistency between the 

scores and that it is a valid and reliable tool in assessing map reading skills.  

Another result reached in this study was that the raters behaved almost equally in the categories 

included in the rubric. Range narrowing is observed when raters overuse any category of a 

rating scale (Wind, 2018). On the other hand, in the central tendency behaviour, aggregation 

occurs at the midpoint of the scoring scale (Myford & Wolfe, 2003). The central tendency 

behaviour and narrowing of the range threaten the validity of assessments as they prevent 

students from separating their performance correctly (Saal et al., 1980). For this reason, it can 

be said that the analytical rubric developed in the study gives valid results in distinguishing 

successful and unsuccessful students (Tobaş, 2020). 

As Stemler (2004) points out, getting average scores among raters may cause a systematic 

difference. Therefore, before calculating a summary score, it should be demonstrated that there 

is no rater bias. According to the results of the MFRM analysis, there was no finding indicating 

bias in rater-task and rater-student interaction. That is, raters behaved at the expected level in 

the criteria. According to Hung et al. (2012) such a result indicates that raters' interpretation of 

the rating scale is not different. In this case, it can be said that the opinions, beliefs or personality 

traits of the raters do not interfere with the scoring (Myford & Wolfe, 2003). However, student-

by-task interaction results showed that 5 (39.25%) of them were biased. This result indicates 

that some tasks are easier or more difficult for these students (Engelhard & Myford, 2003).  
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5. DISCUSSION and CONCLUSION 

Within the framework of the difficulties experienced by the students in their map reading skills, 

it is seen that some deficiencies in education in terms of geographical skills continue even at 

the higher education level. When the map reading skill is not imparted in a quality manner in 

educational environments, its reflections in society are clearly visible. For this reason, it can be 

said that practical activities aimed at imparting map reading skills to students should be 

integrated into curricula. It is stated that map reading skills are attempted to be imparted to 

students by teachers through lecturing and question-and-answer methods. However, in the 21st 

century, it is stated that there is a need for new methods in which the student will be active 

through the constructivist approach (Akengin et al. 2016). Large map activities (Anthamatten 

et al., 2018), field studies (Artvinli, 2021), and orienteering activities (Ayuldeş, 2021; 

Tanrıkulu, 2011; Tuna & Balcı, 2013; Yiğit, 2021) are examples that can be used in classroom 

assessment. In the current study, it was observed that the pre-service teachers had difficulty 

with some of the criteria in the rubric. Determining the factors affecting the map skills of the 

students or on which roads these skills can be raised to the highest level should be investigated. 

In cases where students have difficulty in understanding signs and symbols in reading maps, it 

can be contributed to recognizing symbols with digital games (Da Silva, 2015) and increasing 

imagination with simulation. On the other hand, students can be introduced to the findings in 

various applications such as GPS and satellite images about holding the map and finding 

directions, and it can be provided to create environments where students will encounter them 

more. The current work, of course, is about observing the current situation of students. Various 

experimental studies and studies that will reveal how these skills are affected can be included. 

In the current study, an analytical rubric was used to assess map reading skills by means of 

orienteering activities. Rubrics are powerful tools as they not only improve student 

performance, but also clarify teacher expectations. Scores are expected to be more reliable when 

rubrics are used (Goodrich, 1997; Li & Lindsey, 2015). The results provided evidence of 

scoring rubric reliability with MFRM. In light of the results obtained, it can be said that the 

MFRM can be used to measure map reading skills. In addition, there is a need to develop 

appropriate tools (rubrics, checklists, rating scales) for the assessment of these performance-

based practices. It can be suggested to researchers that similar tools should be developed for 

younger age groups (preschool, primary school).  

The biggest limitation of this study is that the number of students included in the study was low 

because orienteering is time-consuming. Similar studies can be carried out by increasing the 

number of students or raters. It is expected that increasing the rater or students’ number may 

contribute to the reliability and consistency of scores (Erguvan & Dünya, 2020).  

Although the criteria in the rubric in this study overlapped with the international literature 

(Wiegand, 2006, p. 1), map reading skills with orienteering activity were examined only in a 

particular institution and in one area. Similar studies can be designed for more easily accessible 

environments such as the schoolyard or school environment. However, it should be noted that 

it may not be easy to find all landforms in these areas. However, it is considered appropriate to 

use the analytical rubric developed in the study in the field conditions where suitable 

geographical elements are available.  
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APPENDIX 

Appendix 1: A Rubric for Orientiring Map Reading Skills 

A Rubric for Orientiring Map Reading Skills  

 

Criteria 

Categories 

1 2 3 4 Score 

Holding map 

and finding 

direction and 

location  

He/She hold the 

map upside 

down, unable to 

find direction and 

location. 

He/She hold the 

map right but 

could not find 

direction or 

location. 

He/She hold the 

map right, finded 

the direction, 

found the 

approximate 

location using 

triangulation. 

He/She holds the 

map right, finded 

the direction, 

pinpointed 

multiple 

triangulation 

points and found 

the exact location. 

 

Recognizing 

signs and 

symbols  

………………. 

He/She 

recognized the 

signs and 

symbols given on 

the map, but 

could not 

calculate the 

distance. 

………………. 

He/She recognized 

the signs and 

symbols given on 

the map and 

calculated the 

distance with a 

compass. 

 

Using 

landforms 
………………. ………………. ………………. ……………….  

Managing 

time 
………………. ………………. ………………. ……………….  

 


